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IN THE UNITED STATES DISTRICT COURT 
FOR THE WESTERN DISTRICT OF ARKANSAS 
TEXARKANA DIVISION 


INDUSTRIAL TECHNOLOGY 
RESEARCH INSTITUTE, 

Plaintiff, 

V. 

SAMSUNG ELECTRONICS 
AMERICA, INC., 

SAMSUNG TELECOMMUNICATIONS 

AMERICA, L.L.C., AND 

SAMSUNG ELECTRONICS CO., LTD., 

Defendants. 


PLAINTIFF'S FIRST AMENDED COMPLAINT 
FOR PATENT INFRINGEMENT AND JURY DEMAND 


Plaintiff Industrial Technology Research institute ("ITRI") brings this action for 
patent infringement against Samsung Electronics America, Inc., Samsung 
Telecommunications America, L.L.C., and Samsung Electronics Co., Ltd. (collectively, 
"Samsung") as follows: ' 

I. THE PARTIES 

1 . Plaintiff Industrial Technology Research Institute ("ITRI") is the Republic 
of China, Taiwan's scientific research institution having a principal address of 195, Sec. 
4, Chung Hsing Rd., Chutung, Hsinchu, Taiwan 3 1040, R.O.C. 

2, Upon information and belief, Samsung Electronics America, Inc. is, and at 
all relevant time mentioned herein was, a corporation organized under the laws of New 


Civil Action No. 09-4110 
JURY DEMANDED 
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VII. INFRINGEMENT OF U.S. PATENT NO. 6,883,932 

i 

47. On April 26, 2005, the USPTO issued U.S. Patent No. 6,883,932, entitled 
"Apparatus for Improving Uniformity Used in a Backlight Module" (hereinafter "the 
'932 patent"). A true and correct copy of the !'932 patent is attached hereto as Exhibit E . 

48. ITRl is the owner of all right, tjitle, and interest in and to the '932 patent by 
assignment, with full right to bring suit toi enforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 
and income. j 

49. The '932 patent is valid and enforceable. 

50. All requirements under 35 U.S.C, § 287 have been satisfied with rejipect to 
the '357 patent, 

51. Samsung has been and is infringing the '932 patent by making, using, 
selling, offering for sale, and/or importing inior into the United States, without authority, 
products that fall within the scope of one or more claims of the '932 patent, including but 

not limited to Samsung products bearing flatlpanel displays such as the Samsung display 

■j 

LN40A630M1F . ! 

i 

52. Samsung has been and is continuing to induce infringement of the '932 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '932 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United;! States, without authority, products that fall 

within the scope of one or more clainas of the '932 patent. The infringing 

'\ 

instrumentalities have no substantial non-infringing uses. 
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ORGANIC LIGHT EMITTING DIODE WITH DETAILED DESCRIPTION 

BRIGHTNESS ENHANCER 

The iavention provides an OLED to enhance luminescent 
BACKGROUND efficiency. The OLED of the invention is a conventional 

5 OLED with a cholesterol liquid crystal thin film layer as a 
The invention relates to an organic light emitting diodes brightness enhancer, drawing trapped light out of the device 
(OLED) and in particular to an OLED with a brightness to enhance luminescent efficiency. FIGS. 2-4 are cross 
enhancer. sections of OLEDs with brightness enhancers. 

OLED qualities such as light weight, slim profile, low 
power consumption, wide viewing angle and fast response lO First Embodiment 

time make it is a popular display choice. When luminescent 

efficiency of the OLED reaches 100 Lm/W, it can replace FIG. 2 is a cross section of an OLED with a brightness 
conventional light sources. Thus improving OLED effi- enhancer according to the first embodiment of the invention, 
ciency is an important issue. The OLED comprises a substrate 13. An anode electrode 14 

Recently, hfetime and brightness of OLEDs have 15 is formed on tiie substrate 13. The anode electrode 14 
improved, but not substantially. Organic materials and glass comprises a transparent electrode, a metal electrcpde or a 
substrate have a higher refraction than air, such that light complex electrode. An organic light emitting laysr 15 is 
easily reflects or emits from device sides. About 80% light formed on the anode electrode 14. The organic light Esmitting 
is trapped in the device, matdng the quantum efficiency of layer 15 comprises monolayer or multilayer small molecular 
OLED less than 20%. 20 or polymer organic light emitting materials. The oiganic 

An improved OLED device 10 is shown in FIG. 1, light emitting layer 15 is formed by theimal evaporating 
comprising polatiang fihn ll/substrate 13/anode electrode small molecular organic light emitting material under 
14/oiganic light emitting layer 15/and cathocte electrode 16 vacuum, or by spin-coating, ink-jetting or screen printing the 
encapsulant (not shown). The metal electrode provides good polymer organic light emitting material. The organic light 
the reflection performance, however, double image is 25 emitting layer IS farther comprises at least one electron 
induced by exterior li^t entering the OLED device and injection layer and/or an electron transfer layer thei^on, and 
reflecting. A polarizing film 11 with a y4 wavelength delayer at least a hole injection layer and a hole transfer layer 
layer eliminates this problem. However, polarizing fihn 11 beneath the organic light emitting layer 15. 
decreases brightness by more than Vi, because it not only A cathode electrode 16 is formed on the orgenic light 
blocks «tterior light but also light emitting from the device. 30 emitting layer 15. The cathode electrode 16 comprises a 

transparent electrode^ a metal electrode or a comjJex elec- 
SUMMARY trode. The anode electrode 14 and cathode electrocle 16 are 

formed by sputtering, electron beam evaporation, thennal 

Accordingly, mbodiments of the invention provide a evaporation, chemical vapor deposition or spray pyroly sis. A 
organic light emittmg diode (OLED) with a brightness 35 brightness enhancer 12 is posted on the other surface of the 
enhancer. substrate 13, and a polarizing fihn. 11 is posted on the 

In an embodiment of the invention, an organic light brightness enhancer 12. The OLED has a structure compris- 
emitting (Mode (OLED) with a brightness enhancer com- ing polarizing film 11/brightness enhancer 12/substrate 
prises a substrate having a first surface and a second surface 13/anode electrode 14/oiganic light emitting layer IS/cath- 
opposite thereto. An anode electrode is disposed on the first 40 ode electrode 16. The invention is not limited to the above 
surface of tiie substrate. An organic light emitting layer is fabrication technologies, and other suitable methctis can be 
disposed on the anode electrode. A cathode electrode is used. 

disposed on the organic light emitting layer. A brightness Since light 18 is emitted through the substrate 13 of the 
enihancer is disposed on the second surfece of the substrate. device 10, substrate 13 transparent, such as glass or plastic 
In another embodiment, an organic light emitting diode 45 substrate. The polarizing fihn 11 polarizes light 18 due to 
(OLED) with a brightness enhancer comprises a substrate. dichromatic or double refiraction of specific substance, or 
An anode el«trode is disposed on the substrate. Anorganic reflection or refraction at an interface between two sub- 
light emitting layer is disposed on the anode electrode. A stances. The brightness enhancer 12 comprises a cholesterol 
cathode electrode is disposed on the organic light emitting liquid crystal thin fihn layer or multilayer thin FJm layer, 
layer. A brightness enhancer is disposed on the cathode 50 such as 3M. DBEF series device. Preferably, the anode 
electrode, electrode 14 comprises transparent indium tin oxide (ITO) 

or indium zinc oxide (IZO). The organic light em-tting layer 
DESCRIPTION OF THE DRAWINGS 15 preferably comprises OLED or polymer hglit emitting 

diode (PLED). The cathode electrode 16 prefeiably cora- 
The embodiments can be more fiilly understood by read- 55 prises Al, Mg, Ag, Ca or alloys thereof, 
ing the subsequent detailed description and examples with 

references made to the accompanying drawings, wherein; Second Embodiment 

FIG. 1 is a cross section of a conventional OLED struc- 
ture. FIG. 3 is a cross section of an OLED with a brightness 

FIG, 2 is a cross section of an OLED with a brightness eo enhancer according to the second embodiment of the inven- 
enhancer accordii^ to the first embodiment of the invention, tion. The OLED 30 has a structure of substrate 13/node 

FIG. 3 is a cross section of an OLED with a brightness electrode 14/organic light emitting layer IS/caihode elec- 
enhancer according to the second embodiment of the mven- trode 16/brightness enhancer 12/transparent encapsulant 
tion. 17/polariang film 11. The differences between the first and 

FIG. 4 is a cross section of an OLED with a brightness 65 second embodiments are the brightness enhancer 12 posted 
enhancer according to the third embodiment of the inven- on the cathode electrode 16, the brightness eiihancer 12 
tton. encapsulated by the transparent encapsulant 37, and the 
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polarizing film 11 posted on the transparent encapsulant 17. 
The invention is not limited to above fabrication technolo- 
gies, and other suitable methods can be used. 

Since light 18 is emitted through the catiiode electrode 16 
of the device, substrate 13 transparent or opaque, such as 
glass or plastic substrate. The anode electrode 14 comprises 
Pt or Au metal electrode i or indium tin oxide (ITO) or 
indium sane oxide (IZO) electrode with Au, Ag or Al 
reflective thin film. The cathode electrode 16, transparent or 
semi -transparent, such as Al, Mg, Ag, Ca or alloys thereof; 
or indium tin oxide (ITO) or indium zinc oxide (IZO) 
electrode with Al, Mg, Ag, or Ca thin film. The transparent 
encapsulant 17 comprises transparent glass or plastic. Other 
materials of the devi(» are the same as in the first embodi- 
ment. 

Third Embodiment 

FIG. 4 is a cross section of an OLED with a brightness 
enhancer according to the third embodiment of the inven- 
tion. The OLED 40 has a structure comprising substrate 
13/anode electrode 14/oiganic light emitting layer 15/cath- 
ode electrode 16/transparent encapsulant 17/brjghtness 
enhancer 12/polari2ing fihn 11, The difference between the 
second and third embodiments is the brightness enhancer 12 
position. Other fabrication and materials of the device are 
die same as in the second embodiment. 


0,719 B2 

4 

ness enhancer provides a 1.5-1.7 times the brightness of 
OLED without the brightness enhancer. 

Example 2 

5 

The fabrication method and materials of Example 2 are 
the same as Example 1 , except the brigjitness enlwncer 12 
was synthesized by the fabrication method disclosed in U.S. 
Pat. No. 6,721 ,030, with 420-720 nm reflective wa\'eiength 
range. The brightness of this example is shown in Table 1- 

Example 3 

15 The fabrication method and materials of Example 3 are 
the same as example 1, except the brightness enhancer 12 
was synthesized by the fabrication method disclosed in U.S. 
Pat. Ko. 6,721,030, with 420-8 lOnm reflective wavelength 
range. The brightness of this example is shown in Table 1. 

20 

Comparison Example 

The fabrication method and materials of the con)]5arative 
25 Example are the same with Example 1, except thf;re is no 
brightness enhancer 12 in the device. The bri^tnesis of this 
comparison example is shown in Table I. 


TABLE 1 




Brightness 

Brightness 

Brightness 
3 (cd/m^ 

Brightness 

Average 

Sample No. 

Test angle 


2 (cd/rn^) 

4{cd/jn^ 

(cd/m^) 

Example 1 

0" 

909 

917.7 

921.3 

912.6 

915.2 

10' 

925.3 

934.7 

932 

940.9 

933.2 


20' 

929.6 

934.4 

943.5 

937 

936.1 


30» 

851.5 

859.7 

830.3 

834.1 

843.9 

Example 2 

0" 

741.6 

743.7 

744.3 

733.9 

740.9 

10° 

745.2 

756.3 

755 

741.3 

749.5 


20° 

744.9 

752 

753 

733.1 

754.8 


30° 

649,3 

647.4 

644.1 

647.5 

647.1 

Example 3 

0" 

m.6 

875.2 

879 

884.7 


10° 

851.7 

S87.8 

890.1 

899.4 

8S2.3 


20° 

848.2 

881 

893.6 

90S.6 

8S2.9 


30° 

755,4 

756 

772.4 

798.6 

770.6 

Comparison 

0° 

578.9 

576.6 

564.3 

568.2 

572 

Example 






569,7 


10° 

582.9 

569.3 

563.6 

563 


20' 

601.2 

588.5 

582.5 

579.6 

588 


30° 

567.4 

561.5 

549.9 

550.6 

557.4 


Example 1 

First, a glass substrate 13 was provided. 150 nm indium 
tin oxide (ITO) was formed on the glass substrate 13 by 
sputtering under 10~* torr at room temperature as a trans- 
parent anode electrode 14. 100 nm OLED material was 55 
formed on the anode electrode 14 by vacuum thermal 
evaporation as an organic light emitting layer 1 5. 1 20 nm Al 
metal layer was formed by vacuum thermal evaporation as 
a ca&ode electrode 16. 10 pm cholesterol liquid crystal thin 
film layer was post on another side of the substrate 13 as a go 
brightness enhancer 12. A commercially available polarizing 
film 11 was posted on the brighmess enhancer 12, providing 
OLED structure 20 of polariang film 11/brightness enhancer 
12/substrate 13/anode electrode 14/organic light emitting 
layer 15/cathode electrode 16/encapsulant (not shown). ^5 

The brightness of 0^, 10°, 20**, 3^ from normal of 
structure 20 are shown in Table 1. This OLED with bright- 


The brightness enhancer of the present invention com- 
prises a reflective polarization transform elereent. The 
reflective polarization transform element comprises a cho- 
lesterol liquid crystal thin film layer to polarize liglit into left 
and right polarized light. The opposite optical rotEition light 
transmits the cholesterol liquid crystal thin film layer and the 
same optical rotation light is reflected The reflected light is 
reversed to transmitted light by the metal layer as a reflective 
surface of the OLED and through Va wavelength delay layer 
to emit all the interior light. The brightness of the OLED is 
two times that of the conventional OLED. Above examples 
prove the OLED has 1.6 times the brightness of conven- 
tional OLED, requiring no added power. 

While the invention has been described by way of 
Example and in terms of preferred embodiment, it is to be 
tmderstood that the invention is not limited thereto. To the 
contrary, it is intended to cover various modifications and 
similar arrangements (as would be apparent to those skilled 
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in the art). Therefore, the scope of the appended claims a substrate; 

should be accorded tiie broadest interpretation to encompass an anode electrode disposed on the substrate; 

all such modifications and similar arrangements. ^ organic light emitting layer disposed on the anode 

What is claimed is: electrode- 

1. An oiganic light emitting diode (OLED) with a bright- 5 ^ ^^^^ ^{^^^^ ^^ ^^^^ ^^^^^ 
ness enhancer, compnsmg: j . ^^^j 

a substrate having a first surface and a second surface . ■ , ' , , . ^ ^ , _ j 

opposite thereto- ^ bnghtness enhancer disposed on the cathode electrode, 

an anode electrode disposed on the first surface of the 13- The OLED as claimed in claim 12, further comprising 

substrate; lO ^ transparent encapsulant on one the OLED top or oottom 

an organic light emitting lay«: disposed on the anode surface. 

electrode; 14 . The OLED as claimed in claim 1 2, further comprising 

a cathode electrode disposed on the organic light emitting a polarizing fihn on the outermost OLED. 

layer; and 15. The OLED as claimed in claim 12, when^in the 

a brightness enhancer disposed on the second surface of 15 substrate is transparent or opaque glass or plastic substrate. 

^e substrate. , . ^ . , . ^ ^ ^ . . 16. The OLED as claimed in claim 12, when:in the 

2. The OLED as claimed m claim 1, iurther compnsmg a brightness enhancer is a reflective polarization transform 
polarizmg fihn on the bnghtness enhancer. element 

3. Hie OLED as claimed in claim 1, wherein the substrate ^ r^rr^r^ ^ ■ j ■ i ■ i. ■ +i. 
is transparent glass or plastic. 20 , ^he OLED as claimed m clami 16 ^vher.m the 

4. The OLED as claimed in claim 1, wherein the bright- ^"^btoess mincer comprises at least a cholesterol liquid 
ness enhancer is a reflective polarization transformation ^ 

element. OLED as claimed in clauu 12, whersin the 

5. The OLED as claimed in claim 4, wherein the bright- brightness enhancer is multilayered. 

ness enhancer comprises at least a cholesterol liquid crystal 25 19. The OLED as claimed in claim 12, wherein the 

thin film layer. brightness enhancer is a film separating different polarized 

6. The OLED as claimed in claim 1, wherein the bright- light into transmitted and reflective light. 

ness enhancer is multilayered. 20. The OLED as claimed in claim 12, wherein ths anode 

7. The OLED as claimed in claim 1, wherdn the bright- electrode is Pt, or Au metal electrode; or indium tin oxide 
ness enhancer comprises a film separating different polar- 3o (IXO) or indium zinc oxide (IZO) electrode with Au, Ag, or 
ized lights into transmitted and reflective light. a1 reflective layer, 

8. The OLED as claimed in claim 1, wherein the anode ^l. The OLED as claimed in claim 12, whemin the 
electrode is indium tin oxide QTO) or mdimn zinc oxide ^^^^ ^^^-^ ^^^^ OLED or polym.'r light 

"^^y emitting diode (PLED). 

9. The OLED as claimed in claim 1, wherein the organic 35 „ j ■ i- t. ■ *i. 
HghtemittinglayerisOLEDorpolymerhghtemittingdiode 22, The OLED as damioi m clami 12, whe.^ the 
fR^EDI r ^ c" o orgamc light emittmg layer further comprises at hast one 

10. TheOLEDa.claimedinclaiml, whereintheoiganic ^^^^^^ injection layer an electr<m transfer layer, a hole 
light emitting layer iwther comprises at least one electron "^J^^*'°^ ^^^^ ^ ^^^^ "^^'^^^ l^^^^' 

injection layer, an electron transfer layer, a hole injection 4o 23. The OLED as claimed in claim 12, wherem the 

layer and a hole transfer layer. cathode electrode is Al, Mg, Mg, Ca or alloys thswof; or 

11. The OLED as claimed in clakn 1, wherem the cathode indium tin oxide (ITO) or indium zinc oxide (IZO) electrode 
electrode is Al, Mg, Ag, Ca or alloys thereof. with AI, Mg, Ag, or Ca thin film. 

12. An organic light emitting diode (OLED) with a 

brightaess enhancer, comprising: + * + + * 
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(57) ABSTRACT 

A light source device and projector using the same is 
provided. The light source device includes multijile light 
source modules and a multi-channel optical light tube. The 
multi-channel optical light tube includes muhiple channels, 
each of which has a light guiding portion and con-es]3onds to 
one or more of the light source modules. The hght source 
module transmits tiie output light to the corresponding light 
chamiel, and the Ught guiding portion of each light channel 
is provided with a reflective surface for combining the light 
input through the light channels to the muhi-channel optical 
light tube, thus providing the output of the light source 
device. 

20 Claims, 9 Dramng Sheets 
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FIG. 1 (PRIOR ART) 
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FIG, 2A (PRIOR ART) 

202 


FIG, 2B (PRIOR ART) 
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FIG. 3A 
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FIG. 3B 


Case4:09-cv-04110-HFB Document 10-3 Filed 11/05/09 Page 6 of 38 



Case4:09-cv-04110-HFB Document 10-3 Filed 11/05/09 Page7of38 
U.S. Patent Sep. is, 2007 sheet 5 of 9 US 7,270,457 B2 



Case 4:09-cv-041 10-HFB Documen1 10 Filed 1 1/05/09 Page 1 1 of 23 

i 


53. Samsung had and continues to have actual knowledge of the '932 patent 
and their coverage of Samsung's infringing instrumentalities, but has nonetheless 
engaged in the infringing conduct. Samsung's infringement of the *932 patent was and 
continues to be willful. 

54. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured anil has sustained and will continue to sustain 

substantial damages. ; 

:i 

55. Unless Samsung is enjoined by this Court from continuing their 
infringement of the '932 patent, ITRI will suffer additional irreparable hanii and 

! 

impairment of the value of its patent rights. ; 

56. ITRI has incurred and will incur attorneys' fees, costs, and expenses, in the 

1 

prosecution of this action. The circumstances of this dispute create an exceptional case 

ii 

within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 

\ 

necessary attorneys' fees, costs, and expenses. 

VIIL INFRINGEMENT OF U.S. PATENT NO. 7,125,141 

57. On October 24, 2006, the LfSPTO issued U.S. Patent No. 7,125,141, 
entitled "Apparatus for Homogeneously Distributing Lights" (hereinafter "the; '141 
patent"). A true and correct copy of the ' 141 patent is attached hereto as Exhibit F . 

58. ITRI is the owner of all right, title, and interest in and to the ' 141 patent by 
assignment, with full right to bring suit to enforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 
and income. 

59. The '141 patent is valid and enforceable. 

i 
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LIGHT SOURCE DEVICE AND PROJECTOR SUMMARY OF THE INVENTION 
USING THE SAME 

Accordingly, the present invention is <tirected to provide 

CROSS-REFERENCE TO RELATED a portable micro light source device, the volume of v^hich is 

APPLICATION 5 effectively reduced, thus presenting a better heat s-inkii^ 
effect and having an prolonged service life. 

This application claims the priority benefit of Taiwan , ^ embodiment of the light source device proposed by 

application serial no. 94139058. filed on Nov. 8, 2005. All ^^P^^^^ mvention mcludes multiple hgbt source modules 

disclosure of the TaiAvan application is incoiporated herem «^f. ^ ^uta-channel optical ligltt tube. The muiu-channel 

bv reference optical light tube includes multiple channels, each of which 

has a light guiding portion and corresponds to one or more 

„ ^^^T^^x^x^ r^,^ ^ , of the light source modules. The light source module trans- 

BACKGROUNDOF THE INVENTION mits the output light to the cortespo^ing light chan^iel, and 

the light guiding portion of each light channel is provided 

1. Field of the Invention 15 with a reflective surface for combining the ]i^.t input 
Furthermore, in the U.S. Pat. No. 6,318,863 of the same through the light channels to the multi-channel optitjal light 

inventorship as the present invention, referring to FIGS. 2A providing the output of the light source device. 

and 2B, a light source device is arranged in an array, The abovementioned light source device further includes 

light source device proposed includes a light source 200, an « Swup for refracting or scattering the light output by 

array of taper light pipes 210, a taper light pipe 220, and a multi-chamiel optica] light tube. 

light valve 230. The light source 200 is an array of multiple abovementioned light source device, the total area 

light emitting modules 202. The array of taper tight pipe 210 ^''^ ^^T^'^ ^"^^ t° 

is consisted of multiple light pipes 212. Each of the Hght ^^^^^ multi-channel optical light 

pipes 212 has a first end 212a and a second end 212b. The 

fii^t end 212a of each Hght pipe 212 is closely connected to ^^^^ device, ^e surface of 

each ligjit emitting module to collect the large angular beam P^^*'^ ^''^^^ ^ ^ 

from each light emitting module and convert the light t .i i. j i- . , ■ , , 

J 1. *u 1- -^ftft • * 11 » f In the abovementioned light source device, tie light 

emitted by the light source 200 mto small angular light. . . , , v , - 

Tu u *i. 1- I.* • J r .1. J J source modules provide different light source combinations 

Tliereby the umform ligh is emitted from the second end 30 ^^^^^ components of the light emitted by the light 

212£. of each light pipes 212. The taper light pipe 220 has a source device js^ ^ 

fii^t end 220« and a second end 2206. The first end 220a is abovementioned light source device, the L3D light 

used to receive the umform light emitted fiom &e array of ^^^^ ^^^j^^ ^„ of multiple red (R), gr.en (G), 

teper light pipe 210 and then overlap the received light onto gnd blue (B) LEDs, or an array of multiple single- color or 

the light valve 230 umfoimly. The structure canimprove the ^5 ^^^^^ ueDs 

luminance of the integrml output light source. abovementioned light source device, the light 

2. Descnption of Related Art source modules are Organic Light Emitting Diode (OLED) 
Accordingly, the present invention is directed to provide light source modules, Laser Diode light source modules, 

a portable micro light source device, the volume of which is Electro-luminescence Device light source modulfjs, Field 

effectively reduced, thus presenting a better heat sinking Emission Display light source modules or Cold Cathode 

effect and having a prolonged service life. Fluorescence Lamp light source modules. 

Furthermore, in the U.S. Pat. No. 6^18,863 of the same In the abovementioned hght source device, the multi- 

inventorship as the present invention, referring to FIGS. 2A channel optical light tube includes a heat dissipation fin for 

and 2B, a light sources are arranged in an array. The light 45 lieat sinking. 

source device proposed includes a light source 200, an array The projector in one embodiment of the present invention 
of taper ligJit pipes 210, a taper light pipe 220, and a light includes a light source device and an image g<;nerating 
valve 230. The light source 200 is an array of multiple light module. The light source device includes multiple light 
emitting modules 202. The an array of taper light pipe 210 source modules and a multi-channel optical light tube. The 
is consisted of multiple light pipes 212. Each of the light 50 multi-channel optical light tube includes multiple channels, 
pipes 212 has a first end 212a and a second end 2126. The each of which has a light guiding portion and corresponds to 
first end 212a of each light pipe 212 is closely connected to one or more of the light source modules. The liglit source 
each light emitting module to collect the large angular beam module transmits the output light to the corresponding light 
from each hght emitting module and convert the light channel, and each light guiding portion of each light channel 
emitted by the light source 200 into small angular light. 5$ is provided with a reflective surface for combining the light 
Thereby the uniform light is emitted fix>m the second end input through the light channels to the multi-channel optical 
2126 of each light pipes 212. The taper light pipe 220 has a light tube, thus providing the output of the liglit source 
first end 220a and a second end 2206. The first end 220a is device. The image generating module generates a cone- 
used to receive the uniform light emitted from the array of sponding image with the ligJit produced by tiie light source 
taper light pipe 210 and then overlap the received Hght onto device, based upon an image signal somce. 
the light valve 230 uniformly. The stioicture canimprove the The abovementioned projector ftuther includes a heat- 
luminance of the integral output light source. sink device, wherein the light source device dissipates heat 

However, if the abovementioned light source device is through the heat-sink device, 

applied in the micro light source device, particularly in the The abovementioned projector is a LCD projector device, 

portable micro projector, it is too large to be miniaturized. 65 a single-panel or tiiree-panel Liquid Crystal on Silicon 

Additionally, (be problem of heat sinking is not easy to be (LCOS) projector device, or a Digital Light Processing 

solved, thus reducing the service life of the light source. (DLP) projector device. 
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In order to the make the aforementioned and other objects , taken for the purpose of illustration, but it does not mi^an that 

features and advantages of die pnraent invention compre- the present invention is limited to the light source device and 

hensible, a preferred embodiment acTOmpanied with figures projector of the LED. 

is described in detail below. Referring to FIG. 3 A, it shows a li^t source device 

5 applied in the LED projector in one embodiment of the 

BRIEF DESCRIPTION OF THE DRAWINGS present invention. FIG. 3B is a schematic view illustrating 

the components of the ligjit source device of the LED 

FIG. 1 is a schematic view illustrating arrangement of the piojector according to a preferred embodiment in P [G. 3A. 

LED of a conventional LED projector, The embodiment of the present invention is illustiBted 

FIGS. 2A and 2B illustrates the light source device lo according to FIGS. 3A and 3B. In the multi-chanrel light 

arranged in an array of the conventional light source; source device of the present invention, lights of the multiple 

FIG. 3 A illustrates a light source device applied in the small channels ar« collected and then combined into !:he total 

LED projector in one embodiment of the present invention; light of a large light through tube, thus achieving uniform 

FIG. 3B is a schematic view illustmting the components and mixed light effects at the same time, 

of the light source device of the LED projector according to 15 Firstly, different LED lights, such as the LED light source 

the preferred embodiments of FIG. 3A; inputs 310, 320, 330, and 340 in FIG. 3A, are input to the 

FIG. 4 A is a schematic view illustrating the combinations multi-channel optical light guide tube 350 via inpJt holes 

of light source received in the light through tube inside the 315, 325, 335, and 345 respectively. The input hole 335 is 

body of the optical light tube at the cross section between the shown in FIG. 3B. The total cross-section area of fie input 

Line M and Line II-II in FIG. 3A; 20 holes 315, 325, 335, and 345 is equal to or approx umate to 

FIGS. 4B, 4C, and 4D illustrate the components of the the area of the cross section between Line I-I and Line H-Il 

Ught from different light channels in the cross section of of the body 351 of the multi-channel optical light guide tube 

FIG. 4A; 350. Of course, in an alternative embodiment, it is unnec- 

FIG. 5 illustrates a light source device applied in the LED essaiy that the total cross-section area of the input holes 315, 

projector according to the embodiments of the present 25 325, 335, and 345 equals to the area of the cross section of 

invention; the guide tube body 351 of the multi-channel optical light 

FIG. 6 illustrates a LCD projector device employing the guide tube 350, as long as a proper adjustment is nade. 

light source device of the preferred embodiment of the After being input through the input holes 315, 3^15, 335, 

present invention; and 345 respectively, lights from the LED light soun:e inputs 

FIG. 7A illustrates a LCDS projector device with three 30 310, 320, 330, and 340 are reflected to ihe interior of the 

LCOS panels employing the light source device of the guide tube body 351 of the multi-channel optical light 

preferred embodiment of the present invention; source guide tube 350, through light channels resi)ectively 

FIG. 7B illustrates a LCOS projector device with single formed by light guiding portions 313, 323, 333, and 343, and 

LCOS panel employing the light source device of the then an uniform and mixed light 360 is output via £:n output 

preferred embodiment of the present invention; and 35 hole 370. In one embodiment, the LED light source inputs 

FIG. 8 illustrates a DLP projector device employing the can be applied with one LED light source, or a plurality of 

light source device of the preferred embodiment of the LED light sources, according to design desired. In addition, 

present invention. if the plurality of LED light sources are implemented herein, 

an arrangement of the LED light sources can also be 

DESCRIPTION OF EMBODIMENTS 40 configured for performance. According to an optical invari- 

ance principle, a total area of luminous flux of the light 

The present invention discloses a unifoim light source channels formed by the light guiding portions 313, 323, 333, 

device and a projector, which employs several light sources and 343 equals to an area of luminous flux of a li^t guiding 

to achieve both uniform light and mixed light effects through portion formed by the guide tube body 351. ^he light 

the multi-channel optical light tube and the light source lens 45 gmding portions 313, 323, 333, and 343 are defiigned as 

gmup. In addition, the area for heat sinking can be greatly curved faces or arc faces. A light reflective surface 380 is 

expanded by using the ring-shaped and spherical light provided inside the ciured face or the arc face of <ach tight 

source distribution technique in the heat sinking region of guiding portion 313, 323, 333 or 343. The light reflective 

the light source device, and the effect of heat sinking can be surface 380 is formed by, for example, coating £ layer of 

further improved by applying the heat conduction mecha- 50 silver or other materials having reflective effect on the 

nism to the housing, thereby prolonging the service life of surface, for reflecting the incident light, 

the light source. The light source device and projector can be If the light source required by the projector is the three 

applied to a variety of micro imaging panels, such as the primary colors (i.e. red, green and blue, respectively denoted 

Liquid Crystal Display (LED), Liquid Crystal on Silicon as "R", "G" and "B", hereinafter), the light soui^:e can be 

(LCOS) panel, and the Digital Light Processing (DLP). 55 divided as RGGB, i.e. the light entering the position 410 is 

The light source described above is, for example, a Light set to be red, and the light entering the positions 42 0 and 430 

Emitting Diode (LED), an Organic Light Emitting Diode is set to be green, and the light entering the posit'on 440 is 

(OLED), a Laser Diode (LD), an Electro-luminescence set to be blue, as shown in FIG. 4B. Of cc))Ji^e, the 

Device (EL), a Field Emission Display (FED) or a Cold arrangement of the colors of the incoming liglit can be 

Cathode Fluorescence Lamp (CCFL) or the like. Each of the 50 modified according to the required application, 5Ut is not 

channel optical light tubes can be applied with one light limited thereto. Assuming ttiat the light source required by 

source, or a plurality of light sources, according to design the projector is mono, ff»e light at the positions 410-440 is set 

desired. In adation, if the plurality of light sources are to be the mono light, as shown in FIG. 4C. Assuming that the 

implemented herein, an arrangement of the light sources can li ght source required by the projector is white, the ] ight at the 

also be configured for performance. ss positions 410-440 is set to he white, as shown in FIG. 4D. 

To detail the features of the present invention, the appli- For the Ught source device proposed by the present inven- 

cation of the LED projector in an embodiment below is tion, the light source can employ the LED modules that 
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include the combinations of several R, G, B or other color the application. The light 515 emitted by the multi- channel 

LEDs, or an array of mono LED, or the like. With such optical light guide tube 510 has the uniform and nii?i<xl light 

design, the electronic device of the light source device of the eflFect, and can be converted into the desired beam 525 

present invention, such as the projector, can provide light through the lens unit 530. 

sources of different characteristics as desired. 5 Referring to FIG. 7B, it is a schematic view mainly 

In addition, the multi-channel optical light guide tube 350 illustrating the LCOS projector device 700 B employing the 

can also be connected to a heat conduction or heat- sink light source devise of the preferred embodiment of the 

device that is an original heat dissipation structure of the present invention. The LCOS projector devise 70DB has a 

LED light source, or an additional heat dissipation fin for single LCOS panel 725 and uses the light source device of 

increasing the heat sinking area and the heat sinking efS- lO the present invention. The light source of die light source 

ciency. In an alternative embodiment, a fan is further used to device 710 is, for example, a LED light source. The iucom- 

control the heat flow, facilitating the overall heat sinking ing light is reflected by the reflective lens 72 OB to the color 

effect. drum wheel 722 having multiple different filtering regions. 

For the light source device applied in the LED projector As such, the incident light can contact the filtering regions 
according to the embodiment of the present invention, a 15 in different positions through the rotation of the color drum 
portion of the uniform and mixed hght effects is shown in wheel 722, so that the three primary colors(red, green and 
FIG. 4A that is a schematic view illustrating the combina- blue) can be separated. And then the separated lights trans - 
tions of the light source received in the light through tube mitted to the corresponding LCOS panel 725 thrc^ugh the 
inside the guide tube body 351 of the multi-channel optical polarizing plate 724 and the polarizing beam splitt*;:r 730B. 
light guide tube 350 at the cross section between Lines I-I 20 Subsequently, the produced full-color image passing 
and II-II in FIG. 3 A. Herein, it is assumed that the light througfi the polarizing beam splitter 73 OB is finally trans- 
introduced by the light guiding portions 313, 323, 333, and mitted to the display screen via the projectmg lens 750. 
343 are positioned at positions 410, 420, 430, and 440 The present invention is illustrated by taking tfiepmjector 
respectively, in which the light is provided by different LED of the light source device of the present inventicm as an 
light sources. The design of different LED light sources 25 example, but is not limited to it. 

proposed by the present invention refers to disposing the Referring to FIG, 6, it is a schematic view mairily illus- 
LED light sources at different positions rather than disposing trating the LCD projector device 600 employing the light 
together at die same position as the conventional art, such source device of the preferred embodiment of the present 
that a heat sinking mechanism is formed, thus prolonging the invention. The LCD projector device 600 employs the light 
savice life of the LED greatly and improving the overall 30 source device 610 of the present invention, and the light 
light emitting eflBciency. Moreover, based upon the demand source of the light source device 610 is, for example, a LED 
for miniaturization, the volume of the LED light emitting light source. The three primary colors (red, green aiid blue) 
modules can be controlled more efficiently to fit the portable can be separated when the incoming light passes Uirough a 
micro projector. dichroic mirror 620, and then transmitted to the correspond- 
If the light source required by the projector is the three 35 ing LCD panel 630. Subsequently, after combioing the 
primary colors (i.e. red, green and blue, respectively denoted produced three-primary-color image through the combining 
as "R", **G" and "B", hereinafter), the light source can be prism 640, a full-color image is generated and then trans- 
divided as RGGB, i.e. Hbe light entering the position 410 is mitted to the display screen via the projecting leni 650. 
set to be red, and the light entering the positions 420 and 430 Referring to FIG. 7A, it is a schematic view mainly 
is set to be green, and the light entering the position 440 is 40 illustrating the LCOS projector device 700A employing the 
set to be blue, as shown in FIG. 48. Of course, the light source device of the preferred embodiment of the 
arrangement of ihe colors of the incoming light can be present invention. The LCOS projector device 7()0A has 
modified according to the required application, but is not three LCOS panels 725 and employs the light sounds device 
limited thereto. Assuming that the li^t source required by 710 of the present invention. The light source of the light 
the projector is mono, the light at the positions 410-440 is set 45 source device 710 is, for example, a LED light source. The 
to be the mono light, as shown in FIG. 4B. Assuming that the ^ee primary colors (red, green and blue) can be separated, 
Hght source required by the projector is white, the light at the and then transmitted to the corresponding LCOS panel 725 
positions 410-440 is set to be white, as shown in FIG. 4C. when the incoming li^t passes through several dichroic 
For the li^t source device proposed by tiie present inven- mirror groups 720. Subsequently, after combininj; the pro- 
tion, the light source can employ the LED modules that so duced three-primary-color image through the ci^mbining 
uiclude the combinations of several R, G, B or other color prism 730, a full-color image is generated and tfcen trans- 
LEDs, or an array of mono LED, or the like. With such mitted to the display screen through flie reflective lens 740 
design, the electronic device of the light source device of tiie and the projecting lens 750. 

present invention, such as the projector, can provide light Referring to FIG. 7B, it is a schematic view mainly 

sources of different characteristics as desired. 55 illustrating the LCOS projector device 700A employing the 

Referring to FIG. 5, the light source device for the LED light source device of the preferred embodimeat of the 

projector of the present embocUment is the LED light source present invention. The LCDS projector device 7{K) A has a 

device 500 mainly including the LED array 520 associated single LCOS panel 725 and uses the light source device 710 

with the small channels, a multi-charmel optical light guide of the present invention. The light source of the lii^t source 

tube 510 and a lens unit 530, The present embodiment 60 device 710 is, for example, a LED light source. Tlie incora- 

employs the LED array to produce a desired light source. ing light is reflected by the reflective lens 720B to the color 

However, it is known to tiiose skilled in the art that the hght drum wheel 722 having multiple different filterin]i. regions, 

source can be replaced by any light source which can As such, the incident light can contact the filterirg regions 

produce the desirai light. The joining relation between the in different positions through the rotation of the o^Ior drum 
LED array 520 and tiie corresponding small channel formed €S wheel 722, so that the three primary colors(red, ;jreen and 
by the light guiding portions can be close coimection or blue) can be separated And then the separated lights are 
separated by a small pitch depending on the requirement of transmitted to the corresponding LCOS panel 725 through 
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the polarizing plate 724 and the polarizing beam splitter 
730B. Subsequently, the produced full-color image passing 
tiirough the polarizing beam spHtter 730B is finally trans- 
mitted to the display screen via the projecting lens 7S0. 

Referring to FIG. 8, it is a schematic block diagram 
mainly illustrating the DLP projector device 800 employing 
the light source device of the preferred embodiment of the 
present invention. The DLP projector device 800 has a 
Digital Micm-Mirror Device (DMD) 850, and employs ike 
light source device 810 of the present invention. The light 
source of the light source device 810 is, for example, a LED 
light source. 

The incoming light passes through the color wheel 820 
having multiple different filtering regions at first. As such, 
the incident light can contact the filtering regions in different 
positions through the rotation of the color wheel 820, so that 
the three primary colors (red, green and blue) can be 
separated. And then, after passii^ through the reflective lens 
830 and the polarizii^ plate 840 and being transmitted to the 
DMD 850, the separated light are transmitted to the pro- 
jecting lens 860 and then to the display screen after going 
through a digital optical processing. 

The light source device and the projector disclosed by the 
present invention can be used to achieve the uniform light 
and mixed light effects, by several light sources passing 
through the multi-channel optical light tube and the light 
source lens groups. Additionally, the area for heat sinking 
can be greatly expanded by applying the light source dis- 
tribution tectuiique lo the heat sinking region of the light 
source device, and the effect of heat sinking can be further 
unproved by applying the heat conduction mechanism to the 
housing, thus prolonging the service life of the light source 
device. 

The present invention has been disclosed above in the 
preferred embodiments, but is not limited to those. It is 
known to persons skilled in the art that some modifications 
and innovations may be made without departing from the 
spirit and scope of tiae present invention. Therefore, the 
scope of the present invention should be defined by the 
followbg claims. 

What is claimed is: 

1. A light source device, comprising: 

a plurality of light source modules configured for output- 
ting light; and 

a multi-chaimel optical light guide tube having a plurality 
of light channels and a plurality of holes communicat- 
ing with the channels respectively, each of the light 
channels having a light guiding portion and corre- 
sponding to one of the light source modules, wherein 
the light source module transmits the output light to flie 
corresponding light channel via the corresponding hole, 
and the light guiding portion of each of the light 
channels is provided widi a reflective surface for com- 
bining the light input through the light channels to the 
multi-channel optical light guide tube, thus providing 
the output of the lig^it source device. 

2. The light source device as claimed in claim 1, further 
comprising a lens group for refiracting or scatterir^ the light 
output by the multi-d^nnel optical light guide tube, 

3. The light source device as claimed in claim 1, wherein 
a total area of luminous flux of the light channels equals to 
an area of the luminous flux widain the multi-channel optical 
light guide tube. 

4. The light source device as claimed in claim 1, wherein 
die surface of the light guiding portion is a curved face. 

5. The light source device as claimed in claim 1, wherein 
the surface of the light guiding portion is an arc face. 


6. The li^t source device as claimed in claim 1, wherein 
die light source modules provide different light source 
combinations to adjust components of the light output by the 
light source device, 
s 7. The Kght source device as claimed in claim 1, wherein 
the light source modules are light emitting diode (LED) light 
source modules. 

8. The light source device as claimed in claim 7, wherem 
the LED light source modules comprise an array of a 

10 phjrality of red (R), green (G) and blue (B) LEDs 

9. The light source device as claimed in claim 7, wherein 
the LED hght source modules comprise an array of a 
plurality of sii^le-color LEDs. 

10. The light source device as claimed in claim 7, wherein 
the LED light source modules comprise an an-ay of a 
plurality of white LEDs. 

11. The light source device as claimed in claim 1, wherein 
the It^t source modules are Organic Light Emittijjg Diode 
light source modules, Laser Diode light source modules, 
Electro-luminescence Device light source modules, Field 
Emission Display light source modules or Cold Cathode 
Fluorescence Lamp light source modules. 

12. A projector, comprising a ligjit source device, the light 
25 source device comprising: 

a plurality of light source modules configured for output- 
ting light; and 
a multi-channel optical light tube having a bc dy and a 
plurality of hollow light channels surrounded by the 

30 body, each of the light channels having a li^it guiding 
portion and corresponding to one or mare o.P the light 
source modules, wherein the light source module trans- 
mits the output light to the corresponding Hgtit channel, 
and the li^t guiding portion of each of the light 

35 channels is provided with a curved reflective surfece 
for combining the light input through the ligbt channels 
to the multi-channel optical light tube, 1iius providing 
the output of the light source device; and 
an image generating module for generating a coirespond- 

40 ing image with the light produced by the lij^t source 
device, based upon an image signal source. 

13. The projector as claimed in claim 12, wherein the light 
source modules are LED light source modules. 

14. The projector as claimed in claim 12, is'herein the 
45 projector is a liquid crystal display (LCD) projector device. 

15. The projector as claimed in claim 12, wherein the 
projector is a liquid crystal on silicon (LCOS) projector 
dwice having a single LCOS panel. 

16. The projector as claimed in claim 12, v»'herein the 
projector is a liquid crystal on silicon (LCDS) projector 
havmg three LCOS panels. 

17. The projector as claimed in claim 12, ivherein the 
projector is a digital light processing (DLP) projector 
device. 

18. A light source device, comprising: 

a plurality of light source modules configured for output- 
ting light; and 
a multi-channel optical light guide tubehavinjs a body and 

60 a plurality of channels surrounded by the body which 
defines a plurality holes communicating w:.th the chan- 
nels respectively, each of the light chamnils having a 
light guiding portion and corresponding to at least one 
of the light source modules, wherein the at least one 

65 light source module transmits the output light to the 
corresponding light channel via the corresponding hole, 
and tiie light guiding portion of each of the light 
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channel is provided with a curved reflective surface for 
combining the light input through the light channels to 
the multi-channel optical light guide tube, thus provid- 
ing the output of the light source device. 
19, The light source device as claimed in claim 18, further 
comprising a lens group for refracting or scattering the light 
output by the multi-channel optical light guide tube. 


10 


20. The light source device as claimed in clsim 18, 
wherein a total area of luminous flux of the light c tiannels 
equals to an area of the luminous flux within the^ multi- 
channel optical light guide tube. 
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60. All requirements under 35 U.SIC. § 287 have been satisfied with respect to 
the '141 patent. i 

61. Samsung has been and is infringing the '141 patent by making, using, 

selling, offering for sale, and/or importing in pr into the United States, without authority, 

ii 

products that fall within the scope of one or more claims of the '141 patent, including but 
not limited to Samsung products bearing flat panel displays such as the Samsung display 
LN40A630M1F, ! 

62. Samsung has been and is continuing to induce infringement of the *141 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '141 patent 
under 35 U.S.C. § 271(c), in conjunction wijh such acts of making, using, offering for 
sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claims of the '141 patent The infringing 
instrumentalities have no substantial non-infringing uses. 

63. Samsung had and continues t6 have actual knowledge of the '141 patent 

ii 

and their coverage of Samsung* s infringing instrumentalities, but has nonetheless 
engaged in the infringing conduct. Samsung's infringement of the '141 patent weis and 
continues to be willful. j 

i 

64. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured and has sustained and will continue to sustain 

i 

substantial damages. I 

65. Unless Samsung is enjoined by this Court from continuing their 
infringement of the '141 patent, ITP!J will suffer additional irreparable hann and 
impairment of the value of its patent rights, i 

II 

:i 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Pa ge 12 
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66. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 
within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses:' 

IX. INFRINGEMENT OF U.S. PATENT NO. 7,217,010 

67. On May 15, 2007, the USPTO issued U.S. Patent No. 7,217,010, entitled 
"Reflector with Negative Focal Length" (hereinafter "the '010 patent"). A tnie and 
correct copy of the '010 patent is attached hereto as Exhibit G . 

68. ITRI is the owner of all right, title, and interest in and to the *0 10 patent by 
assignment, with full right to bring suit to enforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 

and income. ' 

1 

69. The '010 patent is valid and enforceable. 

1 

70. All requirements under 35 U.S.fc. § 287 have been satisfied with respect to 

the '010 patent. | 

I 

71. Samsung has been and is infringing the '010 patent by making, using, 
selling, offering for sale, and/or importing in or into the United States, without authority, 

products that fall within the scope of one or more claims of the '010 patent, includiing but 

1 

not limited to Samsung products bearing flat panel displays such as the Samsung ncstbook 

1 

NP-N310-KA04US and notebook X460-41S. i 

72. Samsung has been and is continuing to induce infringement of the '010 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '010 patent 

under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 

] 

j 
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LIGHT EMITTING DIODE AND FIG. 3A is a cross-section illustrating a light eiiiitting 

FABRICATION METHOD THEREOF diode of the embodiments; 

FIG. 3B is a cross-section illustrating another ligt.t emit- 
BACKGROUND ting diode of the embodiments; 

5 FIG. 4A~4F are top-views illustrating the moldLig unit 
The invention relates to a light emitting diode (LED), and surface microstructure of the light emitting diode of the 
more particularly to a LED with molding unit and fabrica- embodiments; 

tion method thereof. FIG. 5 is a schematic illustrating the half vertex angle of 

Multi-chip LEDs comprise a plurality of diffa-ent color the light emitting diode; 
light emitting chips. The most common white multi-chip lO FIG. 6A is a beam pattern illustrating the directiooaHty of 
LED is a RGB LED. RGB LEDs comprise red (R), green g conventional light emitting diode; 
(G) and blue (B) light emitting chips for obtaining white pjG. 6B is a color distiibution illustrating the chjwmatic 
^K^i*- uniformity of a conventional light emitting diode; 

FIG. 1 shows a bullet type RGB LED structure. Red light piQ 7^ g ^^^^ illustrating the directionality of 
emitting chip R, green light emitting chip G and blue light IS another conventional light emitting diode; 
emittmg B are disposed m the lead frame 10. The sidewalls pj^ 73 ^ ^.^i^^ distribution illustrating the chromatic 
of lead frame 10 comprise a highly reflec^ve layer with a ^^fyrmity of another conventional light emitting di*5de; 
curvature for condensmg die li^t emitted from die light ^ illustrating the directioriility of 

emittmg chips R, G and B. This type of LED further ^ ^-^^^ ^^^^ embodiment; 

compnses lei^ 0^°»o^^H 12 to improve direction- 20 ^ ^^^^ distribution illustrating the chromatic 

ahty tiiereof A RGB LED has a good color mixing, tile one ^^^^ ^ y^^^ emitting diode of the first embodiment; 
would not see different color at different v.ewmg angle. The ^ ^^^^ illustrating the directionality at 

hght emitting chips R^G and B are positioned in different J g J 

positions in the f^ci taie 10, however the color-mixmg ^.rostrucmre of the second embodune^; 
effect of the bullet type LED is reduced. The lens type 25 . , j. -i. ^- .n * 

molding unit 12 reduces the color-mixing effect. ™- distnbution illustrating ^e chromatic 

FIG. 2 shows a surface-mount device (SMD) RGB LED ^^^^^ity a* ^ different lu.lf vertex an^e of a light emitting 
struchu*. The SMD RGB LED has no lens type molding <*»°'l^ miciDstructm^ of the saond embodiment; 
unit, so its directionality is worse than the bullet type RGB l** « ^o^"^ distribution illustratmg the chromatic 

LED. Furthermore, the surface of the lead frame 20 of the 30 timformity of different light emitting chips m a given area of 
SMD RGB LED is uneven, tiius the color-mixing effect and « ^^^^ emitting diode of the third embodiment, 
color uniformity are improved. At the same time, the uneven 

surface reflects and even scatters light, both of which DETAILED DESCRIPTION 

decrease tile SMD RGB LED directionality. In short, the 

SMD RGB LED unproves color-mixmg but reduces direc- 35 FIGS. 3A and 3B show multi-chip LEDs of the invention, 
tionality. ITie two LEDs comprise lead frame 10 (FIG. 3 A) and lead 

Tlius, the bullet type LED has good directionality, but bad i^me 20 (FIG. 33) respectively. The lead frame LO com- 
color-mixing; the SMD type LED has bad directionality, but pnses a smooth curved refiective surface to condesse light, 
good color-mixing. Hence, there is a need for a LED with Two or more light emitting chips are disposed in the lead 
good directionality and good color-mixing characteristics. 40 fr^m^ 1<* ^^^'^ frame 20. In one embodiment, there are 

three light emitting chips 40, 50 and 60 in the lead Irame 10 
SUMMARY aiKl lead frame 20 respectively. A main feature: of the 

embodunent is the molding unit 70 witii periodic micro- 

Accordingly, embodiments of the invention provide a structure 72. 
light emitting diode and fabrication method them)f. 45 Molding unit 70 is set in the optical path of the light 

A light emitting diode comprises a lead frame, a plurality emitting chips 40, SO and 60 to condense Ught and mix color, 
of light emitting chips disposed in the lead fiame, and a The Molding unit 70 is transparent and the material thereof 
molding unit disposed in an optical path of the light emitting comprises epoxy or polymers. The polymers comprise poly- 
chips, wherein the molding unit comprises a periodic micro- methylmethacrylate (PMMA) or polycarbonate (PC). The 
structure. 50 molding unit 70 may be formed by a molding method. In this 

A light emitting diode fabrication method comprises molding method, the melted epoxy or polymer mold is put 
providing a lead frame, providing a plurality of light emit- in the mold, and die mold has a periodic microslructure. 
ting chips in the lead frame, patterning a surface of a Aft^" solidification, the periodic microstructure of Jae mold 
molding unit to form a periodic microstructure, and setting is transferred to the epoxy or polymer molding unii: 70 with 
the molding unit disposed in an optical path of the light 55 periodic microstructure 72. The periodic microstructure of 
emitting chips. the mold may be formed by etching, cutting tools,, laser or 

election beam. 

DESCRIPTION OF THE DRAWINGS The periodic microstructure 72 of the molding unit 70 is 

a key feature of the invention. The microstructure comprises 

The patent or application file contains at least one drawmg eo conical protrusions (FIG. 4A) or pyramidal proti^is ions. The 
executed in color. Copies of this patent or patent application pyramidal protrusions comprise symmetric pyramidal pro- 
publication with color drawing(s) will be provided by the trusions or asymmetiric pyramidal protrusions. The fiymmet- 
oflGce upon request and payment of the necessary fee. ric pyramidal protrusions comprise a base which is sym- 

FIG. 1 is a cross-section illustrating a conventional light metric triangular pyramidal, square pyramidal, symmetric 
emitting diode; 65 pentangular pyramidal or symmetric hexangular pyramidal 

FIG. 2 is a cross-section illustrating another conventional (FIG. 4B). The asymmetric pyramidal protrusions comprise 
light emitting diode; a base which is asymmetric triangular pyramidal, asymmet- 
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ric rectangular pyramidal (FIG. 4C), asymmetric pentangu- If the chromatic aberration is sma]]er than O.OOS, it is 

lar pyramidal or asymmetric hexangular pyramidal. difficult for the human eye to detect the color chaige. In 

The periodic microstructure 72 of the molding unit 70 practice, the color change must be unobvious (chjomatic 

also comprises flat top conical protrusions or flat top pyra- aberration <0.00S) in ±30* space angle of LED. 

midal protrusions. The flat top pyramidal protrusions com- 5 

prise flat top symmetric pyramidal protnisions or flat top First Comparative Embodiment 
asymmetric pyramidal protrusions. The flat top symmetric 

pyramidal protrusions comprise a base which is symmetric In this embodiment, the RGB LED structure is the same 

triangular pyramidal, square pyramidal (FIG. 4E), symmet- as FIG. 1. The curvature radius of lens type molding unit 12 

ric pentangu] ar pyramidal or symmetnchexangularpyrami- lo is 2.5 mm. 

daL The flat top asymmetric pyramidal protrusions comprise The chromatic light beam pattern distribution and chro- 

a base which is asymmetric triangular pyramidal, asymmet- matic uniformity of tibe RGB LED of this embodiment are 

ric rectangular pyramidal, asymmetric pentangular pyrami- shown in FIGS. 6A and 6B. 
dal or asymmetric hexangular pyramidal. 

Furthermore, the periodic microstructure 72 of the mold- 15 Second Comparative Embodiment 
ing unit 70 comprises round top conical protrusions (FIG. 

4F) or round top pyramidal protrusions. The round top I^ this embodiment, the RGB LED structure is tlie same 

pyramidal protiusions comprise round top symmetric pyra- ^ 2. 

midal protrusions or round top asymmetric pyramidal pro- Th^ chromatic light beam pattern distribution arid chro- 
trusions. The round top symmetric pyramidal protrusions 20 viatic uniformity of the RGB LED of this embodiBient are 
comprise a base which is symmetric triangular pyramidal, shown in FIGS. 7A and 7B. 
square pyramidal, symmetric pentangular pyramidal or sym- 
metric hexangular pyramidal. The round top asymmetric ^"^^ Embodiment 
pyramidal protrusions comprise a base which is asymmetric 

triangular pyramidal, asymmetric rectai^lar pyramidal, 25 m this embodiment, the RGB LED structure is the same 

asymmetric pentangular pyramidal or asymmetric hexangu- FIG. 3B. Its microstructure 72 is corneal protrusions with 

lar pyramidT 46" half vertex angle (FIG. 5). 

In one embodiment, the bottom si2e of a single micro- chromatic light beam pattern distribution and chro- 

structuie is preferably smaller than the size of the light ni^tic uniformity of the RGB LED of this embodiment are 

emitting chip for unprovmg directionality and color-mixing. 30 shown in FIGS. 8A and 8B. 
The single microstructure bottom size is about 20 um-1 nm, 

and preferably 20-200 urn. The hedght of and single micro- Embodunent 
structure is about 20 um~l mm, and preferably 20-200 um. 

In one embodiment, the space between the single micro- 1° embodunent, the RGB LED structures are (he same 

structures is preferably smaller than its bottom size to make 35 P^^- The microstructures 72 of the RGB LEDs are 

sure that the emitted light passing through the molding unit. protrusions with 1 5", 40°, 60<* and 80" half vertex 

The space of the single microstructure is about 20 tnn-l tun, {FIG. 5). 

and preferably 20-200 um. chromatic light beam pattern distribution and chro- 

The following embodiments are white RGB LED. The 30 ^^^^ imiformity of the RGB LED of this embodi[aent are 
present invention is not only used as a RGB LED or a white 40 ^^^^ in FIGS. 9A and 9B. 
LED, but also as a white multi-chip LED and other multi- 
chip LEDs Third Embodiment 

The directionality and color-mixing are obtained from the 

following measuiement and calculation. embodiment, the two RGB LED structures are the 

Chromatic Light Beam Pattern Intensity and Chromatic 45 same as FIG. 3A. The microstructure 72 of the two RGB 

Uniformity Calculation LEDs are conical protrusions with 46° half verltnc ai^e 

First, the three-color light in different "space angles (FI^. 5). The distance between light emitting chi]3s of one 

luminous intensity" of the RGB LED of the invention is LED is 0.3 mm, another is 0.6 mm. 

measured to obtain the RGB LED beam pattern. The du^- chromatic uniformity of the RGB LED of this 

tionality of RGB LED is determined by the FMWH of the 50 embodiment is show in FIG, 10. 

beam pattern. The smaller the FMWH is, the better direc- Experiment Data and Invention Effect 

tionality of the RGB LED is. 1- Color-Mixing Improvement 

The RGB LED 1960 CIE UCS color coordinates in The RGB LED of the comparative embodiment I is a 

respective space angle are obtained fonn the beam pattern bullet type LED, and has good directionality and l>ad color- 

and 20 mA spectra data of the red, gieen and blue light 55 mixing characteristics. After using the periodic microstruc- 

emitting chips. The chromatic aberrations of RGB LED in ture molding unit (embodiment 1), good directiojialtty and 

each space angles are calculated according to beam pattem, color-mixing characteristics can obtained at the sjime time: 

and tiie chromatic aberration defmition as follows: Referring to FIGS. 6A and 8A, the FMWH of the com- 

j - parative embodiment 1 and embodiment 1 RGB LEDs are 

A/n-t{«-//o) -(^m go ^bout ±40^ In FIGS. 6B and 8B, the chromatic abfjnation of 

wherein (u-Uq) is the difference of the chromatic coordi- RGB LED of embodiment 1 is smaller than that of corn- 
nation at the RGB LED mechanical center, and (v-Vq) is the parative embodiment I , Furthermoiie, the diree cross-section 
difference of the chromatic coordination at each point of the space abeirations of RGB LED of embodiment 1 are more 
RGB LED. A smaller chromatic aberration shows a higher uniform. That shows the RGB LED of the embodunent 1 not 
chromatic uniformity of the device. In tihe invention, three 65 only has better color-mixing but also with better space 
space cross- sections (f, 45° and 90** are analyzed to obtain symmetry. Thus, the molding unit can improve (iie bullet 
the LED chromatic light space symmetry. type LED color-mixing characteristics. 
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2. Directionality Improvement 8. The light emitting diode as claimed in claim 1, wherein 
The RGB LED of the comparative embodiment 2 is SMD the conical protrusions comprises round top conical protra- 

LEO, and has bad directionality and good color-mixing sions. 

characteristics. After using the periodic microstructure 9. The Ught emitting diode as claimed in claim 1, wherein 

moldingimit(embodiment2),gooddirectionalityandco^^^ 5 the round top pymmidal pmtrusions comprise round top 

mixina characteristics can be obtamed at the same time: ^ j i ^ • 

Referring to FIG. 9B, the RGB LEDs of comparative ^^^^f^ pyramidal protrusions or round top asymmetric 

embodiment 2 and embodiment 2 all have good color- Pyramidal protrusions. 

mixing characteristics. la FIG. 9A, the FMHW RGB LEDs light emitting diode as claimed m claim 9, 

ofthe embodiment 2 are narrower than that of the compara- lo wherein the round top symmetric pyramidal pratiiisions 

tive embodiment 2. That shows the RGB LEDs of embodi- comprise a base which is symmetric triangular pynanidalj 

ment 2 have better directionality. Thus, the molding unit can square pyramidal, symmetric pentangular pyramidal or syra- 

improve the SMD LED directionality characteristics. metric hexangular pyramidal; the round top asyrcjnetric 

3. Half Vertex Angle Influence pyramidal protrusions comprise base which is asyrconetric 
Referring to FIGS. 9A and 9B, different vertex angles can I5 triangular pyramidal, asymmetric rectangular pynunidal, 

mflu^ce the directionality and color-mixmg chamctenstcs, 3 ^^c pentangular pyramidal or asymmetric hexangu- 

and the influence can be predicted by optical simulation , • j , 

calculation. lar pyramidal. 

4. Light Emitting Chips distance Influence 11- The light emitting diode as claimed in claim 1, 
Referring to FIG. 10, different light emitting chip arrange- 20 wherein the microstructure has a size of about 20 um--l mm. 

ments can influence the du-ectionality and color-mixing 32. A light emitting diode fabrication method, compris- 

characteristics, and the influence can be predicted by optical ing= 

simulation calculation. providing a lead frame; 

The foregoing description has been presented for pur- providing a plurality of light emitting chips in the lead 

poses of illustration and description. Obvious modifications 25 frame; 

or variations are possible in li^t ofthe above teaching. The patterning a surface of a molding unit to form a periodic 

embodiments were chosen and described to pro^de the best microstructure; and 

illustration of the principles of tiiis invention and its prac- setting the molding unit in an optical path of tlie light 

tical application to thereby enable those skilled in the art to emitting chips, 

utilize Hie invention in various embodiments and with 30 wherein the periodic microstructure comprises conical 

various modifications as are suited to the particular use protrusions, asymmetric pyramidal protrusions or 

contemplated. All such modifications and variations are round top pyramidal protrusions, 

within the scope of the invention as determined by the 13. The light emitting diode febrication meihod as 

appended claims when interpreted in accordance with the claimed in claim 12, wherein the light emitting diode is a 

breadth to which they are fairiy, legally, and equitably 35 monochrome light emitting diode, a white light umitting 

entitled diode or a full color light emitting diode. 

What is claimed is; 1^- The light emitting diode fehrication meLhod as 

1. A light emitting diode, comprising: claimed in claim 12, wherein the molding unit is tran sparent, 
a lead ftame- The light emitting diode fabrication method as 
a plurality of light emitting chips in the lead frame; and claimed in claim 12, wherein the patterning step comprises 
a molding unit in an optical path of the light emitting ^ molding step. 

chips, wherein the molding unit comprises a periodic The light emitting diode fabrication method as 

microstructure, and the periodic microstructure com- claimed in claim 15, wherein the molding step employs a 

prises conical protrusions, asymmetric pyramidal pro- 45 mold having a microstructure thereon, 

trusions or round top pyramidal protrusions. 17. The light emitting diode fabrication me;thod as 

2. The light emitting diode as claimed in claim 1 is a claimed in claim 12, wherein the asymmetric pyramidal 
monochrome light emitting diode, a white light emitting ptotiTisions comprise a base which is asymmetric tiangular 
diode or a full color light emitting diode. pyramidal, asymmetric rectangular pyramidal, asymmetric 

3. The Ught emitting diode as claimed m claun 1, wherein 50 pentangular pyramidal or asymmetric hexangular pyrami- 
ihe moldii^ unit is transparent. 

4. The light emitting diode as claimed in claim 1, wherein 18- The light emitting diode fabrication method as 
the asynunetric pyramidal protrusions comprise a base claimed in claim 12, wherein the conical protrusion com- 
which is asymmetric triangular pyramidal, asymmetric rect- prises flat top conical protrusions. 

angular pyramidal, aa ymm etnc pentangular pyramidal or 55 19. The light emitting diode fabrication method as 

asymmetric hexangular pyramidal. claimed in claim 18, wherein the asymmetric pyramidal 

5. The li^t emitting diode as clmmed in claim 1 , wherein provisions comprise flat top asymmetric pyramidal protru- 
the conical protrusions comprises flat top conical protru- sions. 

sions. 20. The light emitting diode fabrication method as 

6. The light emitting diode as claimed in claim 1, wherein eo claimed in claim 19, wherein the flat top asymmetric pyra- 
the asymmetric pyramidal protrusions comprise flat top midal protrusions comprise a base which is asymmetric 
asymmetric pyramidal protrusions. triangular pyramidal, asymmetric rectangular pyramidal, 

7. The light emitting diode as claimed in claim 6, wherein asymmetric pentangular pyramidal or asymmetric hexangu- 
the flat top asymmetric pyramidal protrusion comprise a lar pyramidal. 

base which is asymmetric triangular pyramidal, asymmetric 65 21. The light emitting diode fabrication method as 

rectangular pyramidal asymmetric pentangular pyramidal or claimed in claim 12, wherein the conical protrusions com- 

asymmetric hexangular pyramidal. prises round top conical protrusions. 
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sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claims of the '010 patent. The infringing 

instrumentalities have no substantial non-infringing uses. 

'I 

73. Samsung had and continues td have actual knowledge of the '010 patent 
and their coverage of Samsung's infringiiig instrumentalities, but has nonetheless 
engaged in the infringing conduct. Samsung- s infringement of the '010 patent was and 
continues to be willful. ., 

74. As a direct and proximate result of Samsung's acts of patent infring(iment, 
ITRI has been and continues to be injured and has sustained and will continue to sustain 

substantial damages. I 

•I 

75. Unless Samsung is enjoined by this Court from continuing their 
infringement of the '010 patent, ITRI will suffer additional irreparable harm and 
impairment of the value of its patent rights. \ 

76. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 

within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 

li 

necessary attorneys' fees, costs, and expenses. ' 

X. INFRINGEMENT OF U.S. PATENT NO. 7^50,719 

77. On July 31, 2007, the USPTO issued U.S. Patent No. 7,250,719, entitled 

II 

"Organic Light Emitting Diode with Brightness Enhancer" (hereinafter "the '719 
patent"). A true and correct copy of the '719 patent is attached hereto as Exhibit H. 

78. ITRI is the owner of all right, title, and interest in and to the '719 patent by 

'i 

assignment, with full right to bring suit to enforce the patent, including the right to 

:i 

!l 
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22. The light emitting diode fabrication method as 
claimed in claim 12, wherein the roimd top pyramidal 
protnisioQS comprise round top asymmetric pyramidal pro- 
trusions or round top asymmetric pyramidal protrusions. 

23. The light emittir^ diode febrication method as s 
claimed in claim 22, wherein the round top symmetric 
pyramidal protrusion comprise a base which is symmetric 
triangular pyramidal, square pyramidal, symmetric pentan- 
gular pyramidal or symmetric hexangular pyramidal; the 
round top asymmetric pyramidal protrusions comprise a lo 
base which is asymmetric triangular pyramidal, asymmetric 


8 


rectangular pyramidal, asymmetric pentangular pyraaiidal 
or asymmetric hexangular pyramidal. 

24. The light emitting diode fabrication method as 
claimed in claim 12, wherein the microstructure siire is 
smaller tiian the light emitting chips size. 

25. The light emitting diode fabrication method as 
claimed in claim 12, wherein the microstructure has a size 
of about 20 um-1 mm. 
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(57) ABSTRACT 


A transflectjve electrophoretic display device is disclosed. 
The device is comprised of a transparent top substrate and 
both top and bottom substrates have an electrode structure. 
A plurality of separated walls and an electrophoretic display 
solution including a plurality of chromatic particks and a 
transparent liquid are imposed between the two subfitrates. A 
device with a display liquid or a filter plate is used to 
generate a variety of lights such as monochromati c, color- 
level or true color having a mixture of red, green and blue. 
The device of thue present invention integrates the merits of 
the reflective and transmitted displayer, and can be used 
outdoors, indoors or in darkness. Odierwise, a back light 
module can compensate for the contrast of the displayer 
effectively. 


32 Claims, 13 Drawing Sheets 
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FIG.IA 
PRIOR ART 



FIG. IB 

PRIOR ART 


Case 4:09-cv-041 10-HFB Document 10-4 Filed 1 1/05/09 Page 4 of 22 

U.S. Patent Mar. 4,2008 sheet 2 of 13 US 7,339,716 B2 

20 



FIG.2A 

PRIOR ART 
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FIG.2B 
PRIOR ART 
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recover for past infringement damages and the right to recover future royalties, damages, 
and income. ] 

79. The '719 patent is valid and enforceable. 

il 

80. All requirements under 35 U,S:C. § 287 have been satisfied with respect to 
the * 71 9 patent. : 

i 

81. Samsung has been and is infringing the '719 patent by making, using, 

ii 

selling, offering for sale, and/or importing in or into the United States, without authority, 
products that fall within the scope of one or niore claims of the '719 patent, including but 
not limited to Samsung products bearing flat panel displays such as the Samsung camera 

TL320, i 

ji 

82. Samsung has been and is continuing to induce infringement of the '719 

i 

patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '719 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claims of the '719 patent. The infringing 
instrumentalities have no substantial non-infringing uses. 

83. As a direct and proximate resuh of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured and has sustained and will continue to sustain 
substantial damages. ; 

84. Unless Samsung is enjoined by this Court from continuing their 
infringement of the '719 patent, ITRI will suffer additional irreparable harm and 
impairment of the value of its patent rights. 


Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Vage 15 
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TRANSFLECTIVE ELECTROPHORETTC mode and a dual switching mode. As shown in FIG. lA, the 

DISPLAY DEVICE top substrate 101 can be a conducting glass such as Ijidium 

Tin Oxide (ITO), and the bottom substrate 102 includes 

BACKGROUND OF THE INVENTION in-plaae electrodes llOa and 1106 divided by the p:irtition- 

5 ing slabs 112 and the bottom electrode 111. 

1. Field of the Invention Furthermore, U.S. Pat. No. 6,639,580 (Electrojjhoretic 
A transflective electrophoietic display device is disclosed, Display Device and Method for Addressing Display [>evice) 

and more particularly, a device employing a plurality of discloses the technology of an in-plane electric: field, 

color particles afiFected by an electric field is mtroduced to Wherein the in-plane electrode generates an in-plane electric 

display monochrome or color images. lO field to change the stattis of the charged particle;; in the 

2. Description of Related Art display solvent and generate various display effect:!. 

A electtophoretic display device, which comprises a phi- FIG. IB shows a display device of the prior art formed by 

rality of charged particles controlled by a provided electric a plurality of display cells 103 including a pluiality of 

field, displays by changing reflectivity in a display region microcups arranged in a rectangular array. The disj>lay cell 

therein relative to a surrounding light. The display device 15 103 of one of the embodiments includes pximaiy colors such 

has the following features: (1) it's flexible; (2) it incorpo- as red, green and blue for displaying color, riEindy, a 

rates the surrounding light to improve visibility; (3) it can be three-monochromatic display cell forms a chromatic display 

manufactujred by roll-to-roll process, so it has a high yield cell. 

and reduces the yielding cost; (4) since there is no limit to chromatic display cell 20 shown in FIG. 2 A includes 

the viewing angle, the device can be seen &oin any point of 20 three separated primary color sub-display cells. A plurality 

view; (5) it's not sensitive to the distance variation between ^^i^ ^^^^ pig^g^t particles 24 in the colorless 

two panels; (6) the electrophoretic display device has bista- display solvent 25 scatters the light emitted from the back- 

bility, which is one of the most nnportant characteristic of a ^^^^ ^^^^^^ j^^^^^^ embodiment shows the filtering plates 

flexible display device. 21, 22 and 23 with red, green and bhie disposed in these 

The surface of particles can be charged by being ionized 25 sub-display cells 

orabsoibingothercharged particles. When charged particles ^ ^j^^^ ^^j^ ^.^ ^ ^^^^^^ ^^^^ ^^^^ ^ 

of an electrophor^c display device ane activat^ by an ^i^^^^^^ disposed in the bottom substrate is used to guide 

externa^ electnc field, they will move to the opposite direc- ^^^^^ ^^^^ charged pigment particles 24, and further 

tion relative to the electrode with opposite cl^es. A results in the scattering effect mentioned above. Tte primary 

plurality of factors such as particle type, particle diameter 30 ^^^^^ gj^^^ j^^^^ jl, 22 and 23 ai^ used to display a 

particle concentration, and the intensity, distnbudon and variety of color effects. Inyet another embodiment, a further 

direction of the external electnc field, and the type of the ^i^pi^-^^ result occurs if the white pigment particles 24 are 

display solvent of the particles mentioned above will c^se ^^ ^^ light-absorbed black pigment particle., 

different moving speeds of the particles and achieve differ- i-ir^ >,r» v. u *• i j ' 

ent disnlavine mirooses 35 shows a chromatic display device of ths: pnorart. 

U.S. Pat. No. 6,750,844 discloses a pliable electrx^phor^tic '^^ display cell 20 includes three sub-^splay cell, with red. 

display device having a deformation-resistant memory char- and blue colors. The colorless and ti^parecit display 

acteristic provided by covering a plurality of partitioning '""^T S ^f^J^f'^l \^ 28. 

walU defiJdng display sectio^conLning a dispTrsioa liq r^'^^!^ P^^f %l ' ^^^^T^' ^""^"l^^' 

uid with electrophoretic particles dispersed therein with an 40 f ,f ^ ^^ment pamdes 28 respectively. Tlie electnc 

expandable ceiling sheet. US. Pat. No. 6,751,007 and No. fi^^js changed by the decrtrode m the bottom 

6,750,844 fiirther disclose that the partitioning walls with ^^^f^^' white plates. Those color pigmen particles 26, 27 

high strength are disposed betw^n the display cells. and 28 in die display solvent 25 are then activated to display 

Wherein, the shape, size and the aspect ratio of the parti- ^anous e ec s. 

tioning waUs cause the embodiment of the display device, 45 The reflective-type electrophoretic displayer of the pnor 
The plurality of pigment particles are dispersed in the ^ doesn't fimction when the surrounding light weak or 
solvent, and microcup technology is introduced in these nonexistent. Moreover, the transmissive-typc; electro- 
prior arts. Ihe mentioned display device with microcup phoretic displayer is not adaptable to portable devices since 
stnicnire can ignore the boundary sealing of each display consumes a lot of power. 

cell, and accomplishes a flexible feamre. 50 Some drawbacks are associated with die technology hav- 
U.S. Pat. No. 6,751,007 provides a transflective electro- ing partitioning walls in the prior art provided by the SiPix 
phoretic display of SiPix Imaging, Inc. Reference is made to hnaging, Inc. Since the partitioning walls 109 are used as the 
FIG. lA, which shows one of a plurality of display cells 103 medium for the backlight, this allows the electrophoretic 
divided by the partitioning walls 109, and forms a display displayer to operate in the dark, but the partitioning walls 
device. The cell 103 includes a top substrate 101, a bottom ss niay possibly cause light leakage. Moreover, the backlight 
substrate 102 with electrodes, surrounding partitioning doesn'tgo1hroughtiie<Usplay solvent directly, 93 it doesn't 
walls, and a plurality of pigment particles 104 in the display provide a quality of high display. Meanwhile, 1he electro- 
solvent 105 filled in a space isolated by the plurality of phoretic displayer includes both the reflective-ti^pe and the 
partitioning walls 109, and the display cell 103 is sealed by transmissive-type, so it has complicated design and is dtf- 
a sealing layer 106, and finally a backlight module 107 is 60 ficult to fabricate. 

disposed to compensate for the displaying of the electro- In view of the aforementioned drawbacks of tiie prior art, 

phoretic display device. the present invention provides a transflective elet; trophoretic 

An electric field is generated by the electrodes m the top display device, which facilitates illumination effects since 

or bottom substrate as shown in FIG. lA, and an electric both the surrounding light and the backlight can go through 
field is used to affect the behavior of the pigment particles 65 the display solvent completely. Meanwhile, the backlight 

104 in the display solvent 105. The types of the electric field module can be adjusted based on the condition t)f surround- 

include an up/down switching mode, an in-plane switching ing light, and effiatively enhances the contrast of the display 
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and reduces power consumption. Furthermore, the present 
invention has a simplified design and higher manufacturing 
yield. 

SUMMARY OF THE INVENTION 

A transflective electmphofetic display device is provided 
for illuminating with or without surrounding light. A light 
emitted from a backlight module can be adjusted according 
to the condition of the surrounding light so as to reduce 
power consumption and enhance the quality of the display. 

The transflective electrophoretic display device is com- 
posed of a plurality of display cells, the display device 
comprises a top substrate, which is a transparent substrate 
having a plurality of anisotropic reflective plates; a bottom 
substrate having a plurality of light plates and a plurality of 
electrodes so as to generate an electric field, and the bottom 
substrate is installed opposite to the top substrate; a plurality 
of partitioning walls, which are transparent materials are 
disposed between the top substrate and the bottom substrate 
so as to isolate the plurality of display cells; a display 
solution, which is composed of a plurality of pigment 
particles and transparent liquid to fill a space isolated by the 
top substrate, the bottom substrate and the partitioning walls. 
Wherein, the electric field in the display cell is changed to 
guide the behavior of the plurality of charged pigpient 
particles in the display solution, a light emits to the aniso- 
tropic reflective plates of the lop substrate through the 
partitioning walls, and the plates reflect the light to the 
display solution so as to radiate monochromatic or gray- 
scale effects. 

The transflective electrophoretic display device is com- 
posed of a plurality of display cells, and each display cell is 
furtha- composed of a plurality of sub-display cells having 
red, green and blue colors. The display device comprises a 
top substrate, which is a transparent substrate having a 
plurality of anisotropic reflective plates; a bottom substrate 
having a plurality of light plates and a plurality of electrodes 
so as to generate an electric field, and the bottom substrate 
is installed opposite to the top substrate; a plurality of 
partitioiiing walls, which are transparent materials and dis- 
posed between die top substrate and the bottom substrate so 
as to isolate the plurali^ of sub-display cells; a red display 
solution, a green display solution and a blue display solution 
which are composed of a plurality of pigment particles and 
transparent liquids so as to fill a space isolated, by the top 
substrate, the bottom substrate and the partitioning walls. 
AVherein, the electric field in the display cell is changed to 
guide flie behavior of the plurality of charged pigment 
particles in the red, green, and blue di^lay solution, a light 
emits to the anisotropic reflective plates of the top substrate 
through the partitioning walls, and the reflective plates 
reflect the light to the red, green and blue display solution so 
as to radiate color effects. 

Furthermore, the transflective electrophoretic display 
device of another embodiment is composed of a plurality of 
display cells, and the display cell is lurther con^osed of a 
plurality of sub-display cells havkig a red filter, a green filter 
and a bhie filter with a transparent material installed on the 
top substrate or the bottom substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be readily understood by the 
following detailed description in conjunction with the 
accompanying drawings, in which: 
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FIG. lA is a schematic diagram of a display cell of a 
transflective electrophoretic display of the prior art; 

FIG, IB is a schematic diagram of a transflective elec- 
trophoretic display of the prior art; 
5 FIG. 2A is a schematic diagram of the color display 
device of the prior art; 

FIG. 2B is a schematic diagram of the color clisplay 
device of the prior art; 

FIG. 3 is a schematic diagram of a transflective dectro- 
10 phoretic display device of the present invention; 

FIG. 4A is a lateral view of the first embodimen'; of the 
present invention in a WHITE-state; 

FIG, 48 is an overlooking viewing view of tde first 
embodiment of the present invention in a WHITE-state; 
15 FIG. 5A is a lateral view of the first embodiment of the 
present invention in a BLACK-state; 

FIG. SB is an overlooking view of the first embodiment 
of the present invention in a BLACK-state; 

FIG. 6A is a lateral view of the second embodiment of the 
20 present invention in a WHITE-state; 

FIG. 6B is a lateral view of the second embodiment of the 
present invention in a BLACK-state; 

FIG. 7A is a lateral view of the third embodimen t: of the 
present invention in a WHITE-state; 

FIG. 7B is a lateral view of the third embodinier.t of the 
present invention in a BLACK-state; 

FIG. 7C is a lateral view of the third embodimettt of the 
present invention in a RED-state; 

FIG, 8A is a lateral view of the fourth embodiment of the 
present invention in a WHITE-state; 

FIG. 8B is a lateral view of the fourth embodimeiit of the 
present invention in a GREEN-state; 

FIG. 9A is a lateral view of the fiftti embodiment of the 
present invention in a WHITE-state; 

FIG. 9B is a lateral view of the fifth embodiment of the 
present invention in a BLACK-state; 

FIG. lOA is a lateral view of the sixth embodime;it of the 
present invention in a WHITE-state; 

FIG. lOB is a lateral view of the sixth embodiment of the 
present invention in a GREEN-state; 

FIG. IIA is a lateral view of the seventh embodment of 
the present invention in a WHITE-state; 

FIG. IIB is a lateral view of the seventh embodiment of 
■IS the present invention in a RED-state; 

FIG. 12A is a lateral view of file eighth embodiment of the 
transflective electrophoretic display device of the present 
invention; 

FIG. 12B is an overlooking view of the eighth tmbodi- 
50 ment of the transflective electrophoretic display device of 
the present invention; and 

FIG. 12C is an overlooking view of the eighth embodi- 
ment of the transflective electrophoretic display device of 
the present invention. 

55 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

To allow the examiner to understand the teclmology, 
60 means and functions adopted in the present inverfion lur- 
ther, reference is made to the following detailed desicription 
and attached drawings. The examiner shall readily under- 
stand the invention deeply and concretely from the purpose, 
characteristics and specification of the present iijvention, 
65 Nevertheless, the present invention is not limitexi to the 
attached drawings and embodiments in following descrip- 
tion. 
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A transflective electrophoretic display device of die anisotropic reflective pJates occupy 1% to 99% of tlie total 

present invention is introduced to integrate the advantages of area of the display device, but 7% to 60% is preferred to 

the conventional reflective and transmissive electrophoretic produce better displaying effects. The open area of the space 

displayer. The display device includes a transparent top of the display cell is 10^ to 10* ^tm^, but the preferrsd area 

substrate, and a top/bottom substrate having in-plane elec- 5 is 10^ to 10^ jim^. The distance between the top substrate and 

trodes. A plurality of partitioning walls and a display solu- the bottom substrate is 5 to 200 ^ln, but the preferred 

tion having a plurality of pigment particles and a transparent distance is 10 to 100 |4m. 

liquid are disposed between the two substrates so as to The first embodiment in white-state is shown in F::G. 4A. 

generate monochromatic, or color-scale, or color effects. The dash line shows the light path of the backlight emitted 

The display device ofihe present invention facilitates bright- lO through the gap 407 from a backhght module below the 

ness since both the surrounding light and the backlight can bottom substrate 402 to the anisotropic reflective plates 403 

go through the mentioned display solution completely. of the top substrate 401 via the partitioning walls 4i]5. The 

Moreover, the brightness of the backlight can be adjusted backlight is reflected by the anisotropic reflective plates 403 

based on the condition of the surrounding light, and effec- to the display solution 408 of the cell, and the display cell 

tively enhance the contrast of the display and reduce the 15 displays a white state since the charged white particles 406 

power consumption, reflects or scatters the light out. The light source can also be 

FIG, 3 is a schematic diagram of a transflective electro- surrounding light emitting to the display cell 300 thrciugh the 

phoretic display device composed of a pltjrality of display top substrate 401, and reflected or scattered by the white 

cells 300, which form a rectangular array, and other embodi- particles 406 so as to display a white state. In Jinother 

ments such as a hexagon, a circular form, a rhombus or the 20 embodiment, the color of pigment particles can be changed 

like, but not limited to these. The display device of the to another color or become transparait so as to radiate the 

present invention can be implemented as a flexible device various colors of the display device, 
because of the microcup structure therein. The display cell FIG. 4B shows an overlooking view of the display device 

300 is isolated by the top substrate, the bottom substrate and in a white state. Each display cell 300 thereof is isolated by 

the plurality ofpartitioning walls; a space therebetween can 25 the partitioning walls 405 between the top and bottom 

be filled with a transparent Hquid having a plurality of substrates. The white particles 406 witfi reflective features 

pigment particles 301 . Wherein, the pigment particles 301 are dispersed on the bottom substrate 402, the white ; jarticles 

can be white, black, chiwmatic, or other transparent chro- 406 reflect the incidental light out to form white lifjht. 
matic particles. An electric field generated in virtue of the FIG, 5A is a lateral view of the first embodiinejit of the 

electrodes in the substrates can be changed to change the 30 present invention in the black state. The backlight emits 

dispersed behavior of the charged particles so as to change through the gap 407 of the absorbing plate 404 tc» the top 

the displaying effect. substrate 401 via the transparent partitioning walls 405. The 

FIG. 4A and FIG. 4B show the first embodiment of the anisotropic reflective plates 403 reflect the light to the 

present invention in a white state. The display cell 300 display solution 408 of the display cell 300. Tlie white 

includes a lop substrate 401 with a transparent material, a 35 particles 406 are dispersed leaning against the partitioning 

bottom substrate 402 having an electrode structure installed walls 405 due to the effect of the electric field. Since the 

on the other side of the top substrate 401, and a space bottom of the display cell 300 is the black absorbing plate 

isolated by the partitioning walls 405. A plurality of aniso- 404, the reflected li^t is absorbed by the plate 404 so as to 

tropic reflective plates 403 are mstalled along the top radiate in a black state. Similarly, the surroimding light 

substrate 401 relative to the positions of the partitioning 40 enters the display solution 408 directly and becomes 

walls 405. The electrodes with in-plane switching mode are absorbed by the black absorbing plate 404 so as to j-adiate in 

disposed m the bottom substrate 402 or even the top sub- a black state. If the anisotropic reflective plates 403 are 

strata 401 so as to generate an in-plane electric field. A black chromatic plates in this embodiment, the display dt.'vice 300 

absorbing plate 404 of the preferred embodiment is installed can display various effects. 

along the bottom substrate 402 excluding the area where the 45 Reference is made to FIG. SB, which shows an overiook- 

partitioning walls 405 contact the bottom substrate. The ing view of the first embodiment in a black state. ITie white 

aforementioned partitioning walls 405 are transparent, and a particles 406 are dispersed leaning against the partitioning 

light source (not shown in this diagram) is set below the walls 405 due to the action of the electric f.eld. The 

display cell 300. A backlight fi:om the light source is emitted absorbing plate 404 of the bottom substrate 402 absorbs the 

to the anisotropic reflective plates 403 of the top substrate 50 incidental li^t so as to radiate in a black state. 
401 from a gap 407 of the absorbing plate and through the The structure of the display cell of the second embodi- 

partitioning walls 405. The incidental light is reflected to the ment shown in FIG. 6A is similar to the structure in FIG. 4A. 

space ofthe cell, but not the original direction from the light Wherein a space of the display cell is isolated by the 

source due to the anisohopic reflective plates 403. Addi- partitioning walls 405 between the top substrate 401 and the 
tionally, the surrounding light also enters the display solu- 55 bottom substrate 402. The space is filled with a display 
tion 408 and fills the space identical to the backli^t so as to solution 608 having a plurality of black particles 606 and a 
enhance the displaying effect efficiently. transparent liquid. The plurality of anisotropic reflective 

The mentioned electrophoretic display solution 408 plates 403 is disposed along the top substrate 401 excluding 
includes the charged white particles 406 and the transparent the area where the partitioning walls 405 contact die top 
liquid of the preferred embodiment. The features of the 60 substrate 401. The electrodes can be installed on the top or 
display solution, such as its color and transparency, are used bottom substrate, and thereby the electric field is generated 
to generate various displaying modes, or even collocate the accordingly. The absorbing or reflective plates, such as the 
features, such as color, transparency and reflectivity, of the reflective plate 604 shown in the diagram, are disposed 
bottom substrate. along the bottom substrate 402 excluding the area where the 

Nevertiieless, the area of the anisotropic reflective plates 65 partitioning walls 405 contact the bottom substnite 402. A 
of the top substrate is larger or equal to the area occupied by light source set below the display cell emits throug;h the gap 
the partitioning walls. In this embodiment, the area of the 407 of the reflective plate 604 and goes througb the parti- 
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tioning walls 405. The anisotropic reflective plates 403 of An absorbing or reflecting plate, such as the black ahsorb- 

the top substrate 401 reflect the light to the display solution ing plate of this embodiment, is installed along the tiottom 

608 so as to radiate in a white state since the reflective plate substrate 702 excluding Hie area where the partitioninj ; walls 

604 reflects the incidental light. 76 contact the bottom substrate 702. Tie partitioning; walls 

The charged black particles 606 are dispersed leaning 5 7(i thereof are transparent, and the light source is di;jposed 

against the partitioning walls 405 according to the action of below the color display cell 70. The light shown as the dash 

the electrodes in the top substrate 401 or the bottom sub- line in the diagram emits irom. the light source through the 

strate 402. The incidental light is reflected or scattered by the gap of the absorbing plate 712, and enters the partiiioning 

reflective plate 604 of the bottom substrate 402 so as to ^^Us 76, then hits the anisotropic reflective plate 711 of the 

radiate in a white state. The color of the reflective plate 604 lO substrate 701. The light is finally reflected by the 

of another embodiment can be changed to display various anisotropic reflective plate 711 and enters the space of the 

effects. color display cell 70. The aforementioned light cari com- 

FIG. 6B shows the second embodiment of the present pjetely pass through the display solutions 71, 73 and 75, and 

mvention in a black state. The black particles 606 thereof are surrounding light can also enter the display cell 70 so as 

dispersed to the top substrate 401 according to the action of ^^^^^ Ugj^t efficiently. 

±c electric field S^^^^^f ^^^V ^^^^^^^^^^^ °5 Further, the color display cell 70 includes a transparent 

bottomsubstrate.Afterthat theb]ackparticles606b^^^^^ ' ^ ^ ^ ^ 

light reflected or scattered by he reflec^^^^^^^ ' J^n 73 and a blue display solution 75.'^erein, the 

bottom substrate 402. They also block the incidental sur- > ^ • . ^- t-i tt,*. 

rounding light so as to rad^te in a black state. Wherein, the liquid conteins charged pigment particles 72 mcluchng the 

display cell 300 shows different colors suice the black ^.hite particles fl^t can reflect or scatter light bmad y. The 

paiScles 606 can be changed to other color particles. light reflected by the amsotropic reflective plate 711 can 

The stmctuie of the mentioned display cell includes the radiate different color effects through the color display 

top substrate 401 having electrodes therein and the aniso- solution. 

tropic reflective plates 403 are disposed along the area where FIG. 7A shows the third embodiment in the white: state of 

tfie partitioning walls 405 contact the top substrate 401. The the present invention. Wherein, the dash line presents the 

display cell fiirther includes the bottom substrate 402 having path of light, which emits from the backlight module below 

lateral electrodes and the reflective plate 403 therein. The the bottom substrate 702 through the gap of the aljsorbing 

display cell composed of the top substrate 401 and the plate 712 thereof. After that, the light enters the partitioning 

bottom substrate 402 is a micro-structure, and the display walls 76, and is reflected by the amsotropic reflective plates 

solution 40S that fills the isolated space inside contains the 711 disposed on the top substrate 701. Then the teflected 

plurality of black particles 606 and the transparent liquid. light goes into the spaces filled with the red, green iind blue 

The electric field generated by the electrodes in the display solutions 71, 73 and 75 respectively. In the mean- 
bottom substrate 402 can be an in-plane switching mode. 3. time, since the charged pigment particles 72 in th.; display 
The electric field generated by the electrodes disposed in solutions 71, 73 and 75 controlled by the electric field are 
both the top substrate 401 and the bottom substrate 402 can dispersed on the bottom substrate 702, the incidental li^t 
be an up/down switching mode, an in-plane switching mode, reflected by the amsotropic reflective plates 711 is reflected 
or a dual switching mode. A backlight module is further or scattered by the white particles 72. Afterwards, the light 
disposed below the bottom substrate 402. ^ reflected or scattered from each color solution racuates and 

Tlie present invention also provides a display cell for « mixed into an even white li^t of this emb«iimei^^^ 

displaying color effects. The cSsplay cell therein at least Otherwise, both tiie backlight and the surro^ 

Ss Aree sub-display cells 'with the three primary throu^ the display solutions 71 73 and 75 comp^^^^^^ 

Colors, and each cell is imposed of a transparent top ar« reflected or scattered so as to become an efficient display 

substrate, the top/bottom substrate having in-plane elec- 45 <^11- 

trodes the plurality of partitionmg walls therebetween and FIG. 7B is a lateral view of the third embodunent of the 
the display solution having the plurality of charged pigment present invention in a black state. The cobr display cell 70 
particles and the transparent liquid with three different includes at least three primary color sub-display cells. The 
colors or thi«e color filters. Both the surrounding light and ligjht emits through the gap of the absorbing plate 712 of tiie 
the backlight can go through flie display solution completely 50 bottom substrate 702, and enters the transparent p jrtitiooing 
so as to enhance the displaying effect The backlight can be walls 76, Then die light hits the top substrate 701, and the 
adjusted so that it appears to be brighter or darker based on amsotropic reflective plates 711 thereof reflect the mcidental 
the condition of the surrounding li^it. Thereby, die present light to the spaces filled with the display solutions 71, 73 and 
invention can efficiently reduce power consumption and 75 respectively. In this embodiment, since the white par- 
enhance the contrast and tint. S5 tides 72 are dispersed leaning against the partiticmng walls 
FIGS. 7A, 7B and 7C ai* the lateral view of the third the bottom of the space shows the black absorbing piate 
embo^ment'ofthepresentinvention.Thecolordisplaycell Mch absorbs the inc^n^^^^^^^ 
70includestiietopsubstmte701withatransparentmaterial, black state of the color display cell 70 
the bottom substrate 702 with electrodes disposed along the FIG. 7C shows the red state of the thu-d embodiment, me 
bottom substrate 702 opposite to the top substrate 701, a 60 pigmentparticles72inthegreendisplay solution 73 and the 
micro-structure space isolated by the partitioning walls 76. blue display solution 75 are dispersed leamng agamst the 
The color display cell 70 displays color effects using the partitioning walls 76 due to the action of the ehctric field, 
sub-display cells having the three primary colors, red, green then the bottom substrate 702 allows the black, absorbing 
and blue. Otherwise, the electrodes disposed in the top plate 712 to be seen yet doesn't reflect or scatter any 
substrate 701 and the bottom substrate 702 can generate an 65 chromatic light. However, the pigment particles 12 m the red 
up/down switching mode, an in-plane switching modeortiie display solution 71 are dispersed on the bottom substrate 
a dual switching mode. 702 so as to reflect the incidental light refletited by the 
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85. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 
within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses. 

XI. INFRINGEMENT OF l^.S. PATENT NO. 7,270,457 

86. On September 18, 2007, the USPTO issued U.S. Patent No. 7,270,457, 
entitled "Light Source Device and Projector Using the Same" (hereinafter "the '457 
patent"). A true and correct copy of the '457lpatent is attached hereto as Exhibit 1. 

87. ITRI is the owner of all right, title, and interest in and to the '457 patent by 

I 

assignment, with full right to bring suit to| enforce the patent, including the light to 
recover for past infringement damages and the right to recover future royalties, damages, 
and income. ] 

88. The '457 patent is valid and enforceable. 

89. All requirements under 35 U.S.C. § 287 have been satisfied with reiipect to 

1 

the '457 patent. \ 

i 

90. Samsung has been and is infringing the '457 patent by making, using, 

selling, offering for sale, and/or importing in or into the United States, without authority, 

j 

products that fall within the scope of one or more claims of the '457 patent, including but 
not limited to Samsung video projectors. 

91. Samsung has been and is continuing to induce infringement of tine '457 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '457 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the Unitedl States, without authority, products that fall 

II 
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anisotropic reflective plates 11. The reflected light passes through the display solutions 71, 73 and 75 with red, green 

through the red display solution 71 so as to radiate in a red and blue colors so as to radiate in a white state. 

g^^g Reference is made to FIG. 9B, which shows thi fiflh 

■me aforementioned embodiments show the color display embodiment of the present invention J^lack smt. The 
J. 1 ■ ^ t . ^ • *i- JL * 5 charged pigment particles 92 are dispersed upon tlie top 

cell 72 cjn Jsplay a variety of stotes since the pigment g^^^e ^M^ 3^ ^ ^ght inflected by the bo Jm refh^^^ 

particles 72 thereof vary based on the action of the electnc ^"^^^^ is blocked fy the pigment particles 92 so as to 

display a black state. The states of the pigment particlts can 

FIG. «A is a lateral view of the fourth embodiment of the changed to display various effects based on the action of 

present invention in a white state. These micro-structure electric field, 

spaces of the display cell isolated by the partitioning walls 3 j^^^j^j ^j^^ ^j^^ embodimeni: of the 

U between the top substrate 801 and the bottom substrate present invention in a white state. The nucro-structure 

802 are filled with transparent display solutions 81a, 816 and ^^^^^^ ^ ^^^^ transparent display solutions 81a, 

81c having a plurality of white and reflective pigment Wherein, a color display cell of the present 

particles 82. The anisotropic reflective plates 811 are dis- embodiment includes red, green and blue sub-display cells 

posed aloi^ the top substrate 801 relative to the position of j^aving the plurality of pigment particles with ab:»rbing 

the partitioning walls 86. Furttiennoie, red, green and blue material. The chaiged pigment particles 12 vary according to 

filters 821, 823 and 825 with transparent material are dis- ^^^^^^ electric field. The pigment particles 10 are 

posed along the bottom substrate 802 relative to the position dispereed leaning against the partitioning waUs 86 of the 

of the micro-structure space. The white state of the display embodiment, and the light is reflected or scattered by the 

cell is created by mixing the primary colors for each bottom reflective plates 12 as it passes through tht; fihers 

sub-display cell. The light emits from the backlight module jj21, 823 and 825 and displays white light by mixing the 

. installed on the one side of the bottom substrate 802 to the prfuiafy colors, 

anisotropic reflective plates 811 of the top substrate 801 g ^^^^j ^jg^ ^^^^ sixth embodiment of the 
through the partitioning walls 86. Then the reflected light ^5 present invention in a green state. The pigment particles 10 

goes through the display solutions 81a, %\b and 81c of the display solutions 81a, %\b are dispersed upon the top 

sub-display cells. Meanwhile, the charged pigment particles substrate 801, and used to block the light reflected or 

82 therein are disp^ed upon the substrate 802 due to the scattered by the bottom reflective plates 12, so the reflected 

action of the electric field. After that, the incidental light scattered light won't pass through the red filter B21 and 

reflects and passes through the red filter 821, the green filter gjjg^ g^J. Nevertheless, the pigment panicles 10 

823 and the blue filter 825, finally forming white light. The ^ ^^^j^y solution 81c are dispersed leaning against the 

surrounding light can be incorporated as the lig^it source of partitioning walls 86, so the light reflected or scattered by 

the present embodimenti both the backlight and the sur- the bottom reflective plate 12 will pass flirough the blue filter 

rounding light are used to enhance the displaying efficiency. so as to radiate in a blue state. 

FIG. 8B shows the green state of the display cell having 35 FIG. IIA and FIG, IIB show the seventh embodiment of 

the red filter 821, the green filter 823 and the blue filter 825 the present invention. The red filter 115, the green filter 116, 

on the top substrate 801. The pigment particles 82 are the blue filter 117 and the bottom reflective platef. 118 are 

changed due to the action of the electric field. The various disposed on the bottom substrate 702 of the sub-display 

states of the pigment particles 82 cause various displaying cells. The light reflected or scattered by the bottom jeflective 

effects because of the mixture of the primaty colors. As 40 plate 118 goes through the red, green and blue fillers so as 

shown in the diagram, the pigment particles 82 in the display to show various colors. The bottom reflective platus 118 of 

solutions 81a and 81c are dispersed leaning against the the other embodiments can be the respective prima ly colors 

partitioning walls 86 due to the action of the electric fieW. reflective plates for each sub-display ceU. The light reflected 

When the light hits the black absorbing plates 812 on the or scattered by the mentioned bottom reflective plaKJs can be 

bottom substrate 802 through the display solutions 81a and 45 used to show various effects. Otherwise, the light soiuce can 

81c, no red or blue light is reflected from these sub-display be a backlight, a surrounding light, or both, 

cells. But the pigment particles 82 in the t^splay solution fig. 11 A shows the white state of this embodiment. The 

816 are dispersed upon tiie bottom substrate 802. Finally, the pigment particles 92 in the display solutions 81a, 816 and 

incidental light reflected or scattered by the pigmait par- gi^, are dispersed leaning against the partitioning walls 76. 

tides 82 passes flirough ttie green filter 823 so as to radiate so The light reflected or scattered by the bottom ]'eflective 

green light. plates 118 passes through each filter 115, 116 and 117 

If the white particles are changed to pigment particles respectively, and radiates white light by mixing the primary 

with absorbing material, the white state of the display cell colors evenly. 

will be shown as the fifth embodiment of the present FIG. IIB shows the red state of the display dffvice. The 

invention. The micro-structure spaces filled with the red 55 pigment particles 92 are dispersed to block the reflected or 

display solution 71, flie green display solution 73 and the scattered light in the display solutions 816 and 8:lc, so that 

blue display solution 75 respectively are isolated by the no light is emitted. But the pigment particlef; 92 wifli 

partitioning walls 76 between the top substrate 701 and the absorbing material in the display solution 81a are dispersed 

bottom substrate 702. Bottom reflective plates 912 are leaning against the partitioning walls 76, so the light 

disposed along the bottom substrate 702 relative to the 60 reflected or scattered by the bottom reflective plate 118 

position of the display solutions 71, 73 and 75. The afore- passes through the red filter 115 so as to finally display a red 

mentioned bottom reflective plate 912 can be a scattering- state. 

type reflective plate. The pigment particles 92 with absorb- Furthermore, one or a plurality of light guides is installed 

ing material are dispersed leaning against the partitioning in the aforementioned space isolated by the partitioning 

walls 76 due to the action of the electric field. After that, the 6S walls in the display device. Reference is made to FIG. 12A, 

light reflected by flie anisotropic reflective plates 711 is which is a lateral view of the eighth embodiment of the 

reflected by the bottom reflective plates 912 and passes ttansflective electrophoretic display device. The light from 
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the backlight module emits to the anisotropic reflective 
plates 403 of the top substrate 401 through the partitioning 
walls 405, and is reflected to the display solution thereof. 
However, a light guide 120 connected with the top substrate 
401 and the bottom substrate 402 is installed in the space. 
The backlight can be emitted to the tap substrate 401 
through the ligjit guide 120. After that, the light is reflected 
to the display solution by the anisotropic reflective plate 403' 
disposed at a position relative to the li^t guides. Whereby, 
the light guide can enhance the brightness of flie transflec- 
tive electrophoretic display device and fecilitate the display- 
ing effect. 

FIG. 12B is an overlooking view of the display device 
with the light guide 120. FIG. 12C is the overlooking view 


are white particles, black particles, chromatic particles or 
chromatic transparent particles. 

7. The transflective electrophoretic display device as 
recited in claim 1, wherein the electrodes of the liottom 
substrate are a plurality of side electrodes. 

8. The transflective electrophoretic display device as 
recited in claim 1, wherein the electrodes of the bottom 
substrate generate an in-plane electric field. 

9. The transflective electrophoretic display device as 
' recited in claim 1, wherein the electrodes of the bottom 

substrate and a plurality of electrodes of the top subistrate 
generate an up/down switching mode, an in-plane swiitching 
mode or a dual switching mode electric field. 

10. The transflective electrophoretic display de\'ice as 


of the display device with a plurality of light guides 120 is recited in claim 1, wherein one or a plurality of light guides 


disposed between the top substrate and the bottom substrate 
of the present invention. 

The invention may be embodied in other specific forms 
without departing fixjm the sprit or essential characteristics 
thereof The present embodiments are therefore to be con- 
sidered in all respects as illustrative and not restrictive, the 
scope of the invention being indicated by the appended 
claims rather than by the foregoing description and all 
chai^ which come within the meaning and range of 
equivalency of the claims are therefore mtended to be 25 
embraced tiierein. 

What is claimed is: 

1. A transflective electrophoretic display device, which is 
composed of a plurality of display cells, the display device 


a top substrate, which is a transparent substrate having a 
plurality of anisotropic reflective plates of the display 
device; 

a bottom substrate having a plurality of light plates and a 
plurality of electrodes so as to generate an electric field, 35 
and the bottom substrate is installed opposite to the top 
substrate; 

a plurality of partitioning walls, which are transparent 
materials and disposed between the top substrate and 
the bottom substrate so as to isolate the plurality of 40 
display cells; 

a display solution, which is composed of a plurality of 
pigment particles and transparent liquid so as to fill a 
space isolated by the top substrate, the bottom substrate 
and the partitioning walls; 45 

wherein the electric field in the display cell is changed to 
guide the behavior of the plurality of charged pigment 
particles in the display solution, a light emits to the 
anisotropic reflective plates of the top substrate tiarough 
the partitioning walls, and the plates reflect the light to 50 
the display solution so as to radiate monochromatic or 
gray-scale effects. 

2. The transflective electrophoretic display device as 
recited in claim 1, wherein a light source is disposed below 
the display device. 55 

3. The transflective electrophoretic display device as 
recited in claim 1, wherein the anisotropic reflective plates 
of the top substrate are disposed relative to the partitioning 
walls. 

4. The transflective electrophoretic display device as 60 
recited in claun 1, wherein the light plates are reflective 
plates or absorbic^ plates. 

5. The transflective electrophoretic display device as 
recited in claim 1, wherein tiie li^t plates are chromatic 
reflective plates. 65 

6. The transflective electrophoretic display device as 
recited in claim 1, wherein the plurality of pigment particles 


connected with the top substrate and the bottom substrate is 
disposed in the space isolated by the top substrate, the 
bottom substrate and the partitioning walls. 

11. A transflective electrophoretic display device, the 
20 display device is composed of a plurality of displaj' cells, 
and the display cells are further composed of a plurality of 
sub-display cells having red, green and blue colors, the 
display device comprises: 
a top substrate, which is a transparent substrate having a 
plurality of anisotropic reflective plates of die display 
device; 

a bottom substrate having a plurality of light plates and a 
plurality of electrodes so as to generate an electJic field, 
and the bottom substrate is installed opposite tcj the top 
substrate; 

a plurality of partitioning walls, which are trajisparent 
materials and disposed between the top substrate and 
the bottom substrate so as to isolate the plurality of 
sub-display cells; 
a red display solution, which is composed of a phtrality of 
pigment particles and transparent liquid so as to fill a 
space isolated by the top substrate, the bottom uubstrate 
and the partitioning walls; 
a green display solution, which is composed of a plurality 
of pigment particles and transparent liquid so as to fill 
a space isolated by the top substrate, the bottom sub- 
strate and the partitioning walls; 
a blue display solution, which is composed of a plurality 
of pigment particles and transparent liquid so as to fill 
a space isolated by the top substrate, the bottom sub- 
strate and the partitioning walls; 
wherein the electric field in the display cell is clianged to 
guide the behavior of the pluraHty of chargefl pigment 
particles in the red, green and blue display scilutions, a 
light emits to the anisotropic reflective plates of the top 
substrate through the partitioning walls, and ihe reflec- 
tive plates reflect the tight to the red, green and blue 
display solutions so as to radiate color effects. 

12. The transflective electrophoretic display device as 
recited in claim 11, wherdn a backHght module iu disposed 
below the display device. 

13. The transflective electrophoretic display device as 
recited in claim 11, wheran the anisotropic reflective plates 
of tiie top substrate are disposed relative to the partitioning 
walls. 

14. The transflective electrophoretic display device as 
recited in claim 11, wherein the light plates arc reflective 
plates or absorbing plates. 

15. The transflective electrophoretic display device as 
recited in claim 11, wherein tiae light plates are scattering- 
type reflective plates. 
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16. The transflective electrophoretic display device as 
recited in claim 11, wh«-ein the plurality of pigment par- 
ticles are reflective white particles or absorbent black par- 
ticles. 

17. The transflective eJectroplioretic display device as 5 
recited in claim 11, wherein the electrodes of the bottom 
substrate are a plurality of side electrodes. 

18. The transflective electrophoretic display device as 
recited in claim 11, wherein the electrodes of the bottom 
substrate generate an in-plane electric field. 10 

19. Hie transflective electrophoretic display device as 
recited in claim 11, wherein the electrodes of the bottom 
substrate and a plurality of electrodes of the top substrate 
generate an up/down switching mode, an in-plane switching 
mode or a dual switching mode electric field. 15 

20. The transflective electrophoretic display device as 
recited in claim 11, wherein one or a plurality of light guides 
connecting with the top substrate and the bottom substrate is 
disposed in the space isolated by the top substrate, the 
bottom substrate and the partitioning walls. 20 

21. A transflective electrophoretic display device, die 
display device is composed of a plurality of display cells, 
and the display cells are further composed of a plurality of 
sub-display cells having red, green and blue colors, the 
display device comprises; 25 

a top substrate, which is a transparent substrate having a 
plurality of anisotropic reflective plates of the display 
device; 

a bottom substrate having a plurality of light plates and a 
plurali^ of electroctes so as to generate an electric field, 30 
and the bottom substrate is installed opposite to the top 
substrate; 

a plurality of partitioning walls, which are transparent 
materials and disposed between the top substrate and 
the bottom substrate so as to isolate the plurality of 3S 
sub-display cells; 

a plurality of display solutions, which are composed of a 
plurality of pigment particles and transparent liquids, 
the ^splay solutions fill a space isolated by the top 
substrate, the bottom substrate and the plurality of 40 
partitioning walls of the sub-display cells of the display 
cells; 

a red filter, which is a transparent material installed on the 

top substrate or the bottom substrate; 
a green filter, which is a transparent material installed on 45 

the lop substrate or the bottom substrate; 
a blue filter, which is a transparent material installed on 

the top substrate or the bottom substrate; 
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wherein the electric field in the display cell is changed to 
guide the behavior of the plurality of chaiged pigment 
particles in each display solution, a light emits to the 
anisotropic reflective plates of the top substrate tlirough 
the partitioning walls, and the reflective plates reflect 
the light to the display solution and through tiie red, 
green and blue filters so as to radiate various eEfects. 

22. The transflective electrophoretic display de\ice as 
recited m claim 21, wherein a backlight module is disposed 
below the display device. 

23. The transflective electrophoretic display device as 
recited in claim 21, wherein the anisotropic reflective plates 
of the top substrate are disposed relative to the partitioning 
walls. 

24. The transflective electrophoretic display device as 
recited m clahn 21, wherein tiie red, green and blue filters of 
the top substrate are disposed relative to the space, 

25. The transflective electrophoretic display device as 
recited in claim 21, wherein the red, green and blue filters of 
the bottom substrate are disposed relative to the spnce. 

26. The transflective electrophoretic display device as 
recited in claim 21, wherein the light plates are reflective 
plates or absorbent plates. 

27. The transflective electrophoretic display device as 
recited in claim 21, wherein the light plates are scjittering- 
type reflective plates. 

28. The transflective electrophoretic display dtsvice as 
recited in claim 21, wherein the plurality of pigment par- 
ticles are reflective white particles or absorbent black par- 
ticles, 

29. The transflective electrophoretic display duvice as 
recited in claim 21, wherein the electrodes of the bottom 
substrate are a plurality of side electrodes. 

30. The transflective electrophoretic display device as 
recited in claim 21, wherem the electrodes of tho bottom 
substrate generate an in-plane electric field. 

31. The transflective electrophoretic display device as 
recited in claim 21, wherein the electrodes of the bottom 
substrate and a plurality of electrodes of the top substrate 
generate an up/down switching mode, an in-plane switching 
mode or a dual switching mode electric field. 

32. The transflective electrophoretic display di^vice as 
recited in claim 21, whereinoneoraplurality of light guides 
connecting with the top substrate and the bottom si bstrate is 
disposed in the space isolated by the top substrate, the 
bottom substrate and the partitioning walls. 

* * * + * 
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within the scope of one or more clairns of the '457 patent. The infi'inging 
instrumentalities have no substantial non-infringing uses, 

92. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured and has sustained and will continue to sustain 
substantial damages. ; 

93. Unless Samsung is enjoined by this Court from continuing their 
infringement of the '457 patent, ITRI will suffer additional irreparable harm and 
impairment of the value of its patent rights. ! 

94. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 
within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses. 

XIL INFRINGEMENT OF U.S. PATENT NO. 7^39,197 

95. On March 4, 2008, the USPT0 issued U.S. Patent No. 7,339,197, entitled 
"Light Emitting Diode and Fabrication Method Thereof (hereinafter "the *197 patent"). 
A true and correct copy of the '197 patent is attached hereto as Exhibit J. 

96. ITRI is the owner of all right, title, and interest in and to the '197 patent by 
assignment, with full right to bring suit to enforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 
and income. i 

97. The ' 1 97 patent is valid and enforceable. 

98. All requirements under 35 U.S.C. § 287 have been satisfied with respect to 
the '197 patent. | 
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REFLECTIVE DISPLAY BASED ON LIQUID sumed by fee polymerization process can continue to prc- 

CRYSTAL MATERIALS duce free radicals that can degrade the polymer and liquid 

crystals over time. Furthermore, it is also knovn that UV 

CROSS REFERENCE TO RELATED radiation is harmful to liquid crystals. Specifically, exposure 

APPLICATIONS 5 to UV radiation can lead to decomposition oi' the chiraJ 

dopant in a cholesteric liquid ciystal mixture, resulting in a 

This is a continuation-in-part of application Ser No. change in the reflected color. The use of organic solvents 

11/017,181, filed Dec. 20, 2004 now abandoned entitled may also be objectionable in certain manufactaring envi- 

"REFLECTIVE DISPLAY BASED ON LIQUID CRYS- ronments. 

TAL MATEIUALS" by Chari et al. lO U.S. Pat. Nos. 6,423,368 and 6,704,073 propose to over- 
come the problems associated with the prior £urt methods 

HELD OF THE INVENTION through the use of droplets of the liquid ciyssal material 

prepared using a limitKi coalescence process. In this pro- 

The present invention relates to a high contrast displays. cess, the droplet-wat«r interface is stabilized b>- particulate 

15 species, such as colloidal silica. Surface stabilization by 

BACKGROUND OF THE INVENTION particulate ^ecies such as colloidal silica is ]>articularly 

preferred as it can give narrow size distribution and the size 
There is significant interest in low cost flexible electronic of the droplets can be controlled by the concentj-ation of the 
displays. Typically, such displays comprise a Ught modulat- particulate species employed. The materials prepared via 
ing component embedded in a binder (most commonly 20 this process are also referred to as Pickering Emulsions and 
polymer) matrix that is coated over a conductive plastic are described more fully by Whitesides and Ross (J. Colloid 
support. Broadly speaking, a light modulating component is Interfece Sci. 169, 48 (1995)). The uniform dro]jlets may be 
a material that changes its optical properties such as its combined with a suitable binder and coated on a conductive 
ability to reflect or transmit light in response to an electric surface to prepare a device. The process provi(?.es improve- 
field. The light modulating component may be a liquid 25 ment in brightness and contrast over prior art processes. It 
crystalline material such as a nematic liquid crystal, a chiral also overcomes some of the problems associat<xl with phc- 
nematic or cholesteric liquid crystal or a ferroelectric liquid toinitators and UV radiation. However, there i s still much 
crystal. The light modulatmg material may also be a water room for improvement, particulariy in terms of the switch- 
insoluble liquid containing particles that undergo electro- mg voltage or the voltage needed to change the orientation 
phoresis or motion such as rotation or translation in response 30 of the liquid crystal from one state to another. Ths latter has 
to an electric field. Displays comprising a liquid crystalline a significant effect on the overall cost of the display. A low 
material in a polymer matrix are referred to as polymer switching voltage is extremely desirable for low cost dis- 
dispersed liquid crystal (PDLC) displays. plays. 

There are two main me&ods for fabricating PDLC The device described by U.S. Pat. Nos. 6,423,368 and 

devices: emulsion methods and phase separation methods. 35 6,704,073 sufiFers from drawbacks because of the structure 

Emulsion methods have been described in U.S. Pat. Nos. of the coated layer. Undesirably, there may be more than a 

4,43 5,047 and 5 ,363 ,482 . The liquid crystal is mixed with an monolayer of droplets between the two electrc des . Fuither- 

aqueous solution containing polymer. The liquid crystal is more, the process of coating a heated emulsion, of the liquid 

insoluble m the continuous phase and an oil-in-water emul- crystal in a gelatin binder onto a substrate with a conductive 

sion is formed when the composition is passed through a 40 layer and subsequently lowering the temperature of the 

suitable shearing device, such as a homogenizer. The emul- coating to change the state of the coated layer from a free 

sion is coated on a conductive surface and the water allowed flowing liquid to a gel state (referred to as a swl-gel transi- 

to evaporate. A second conductive surface may then be tion) prior to drying the coating results in an extremely 

placed on top of the emulsion or imaging layer by lamina- uneven distribution of droplets of liquid crystal. At the 

tion, vacuum deposition, or screen printing to form a device. 45 microscopic scale there are regions of the coating containing 

While the emulsion methods ate straightforward to imple- overiapping droplets and other regions with no droplets at all 

ment, droplet size distributions tend to be broad resultiog in between the electrodes. The uneven distribution of droplets 

a loss in performance. For cholesteric liquid crystal devices, results in a decrease in contrast and an increas 2 in switching 

also referred to herein as CLC devices, this typically means voltage. 

reduced contrast and brightness. Phase sqjaration methods 50 U.S. Pat Nos. 6,271,898 and 5,835,174 also describe 

were introduced m an effort to overcome this diflSculty. compositions suitable for flexible display applications that 

Phase separation methods have been outlined in U.S. Pat. employ very uniform sized droplets of liquid crystal in a 

No. 4,688,900 and in Drzaic, P. S. in Liquid Crystal Dis- polymer binder. However, no attempt is made to control the 

persions, pg?. 30-51, published by Worid Scientific, Sin- thickness or the distribution of droplets in the coated layer 

gapore (1 995). The liquid crystal and polymer, or precursor 55 resulting in less than optimum performance, 

to the polymer, are dissolved in a common organic solvent. U.S. patent application Ser. No. 10/718,900 shows that 

The composition is then coated on a conductive surface and the maximum contrast in a bistable chiral Jiematic liquid 

induced to phase separate by application of ultmviolet (UV) crystal display prepared by the limited coaleifcence method 
radiation or by the application of heat or by evaporation of is obtained when tiie uniform liquid ciystil domains or 

the solvent, resulting in droplets of liquid crystal in a solid 60 droplets are coated as substantially a monolayer on the first 

polymer matrix. A device may tiien be constructed utihzing conductive support. The bistable states in these chiral nem- 

this composition. Although phase separation methods pro- atic liquid crystal displays are tiie planar refletcting state and 

duce dispersed droplets having more uniform size distribu- the weakly scattering focal conic state. Back-scattering of 

tions, there are numerous problems with this approach. For light firom the weakly scattering focal conic state increases 

example, the long term photostability of photopolymerized 65 drastically when there is more than a monoleyer of droplets 

systems is a concern due to the presence of photoinitiators between the conductive surfaces. While the n].ethod provides 

that produce reactive free radicals. Photoinitiators not con- displays with an improvement in brightness and contrast, it 
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still falls short of optimum perfonnance because the gelatin 
binder is made to undeigo a sol-gel transition prior to drying 
of the coating resulting in an uneven structure. 

Rudhardt et al. (Applied Physics Letters vol. 82, page 
2610, 2003) describe a method of fabricating a light modu- 5 
lating device wherein a composition containing very uni- 
form droplets of liquid crystal in an aqueous solution of 
polymer binder is spread on an indium tin oxide (ITO) 
coated glass surface and the water allowed to evaporate. The 
droplets of liquid crystal spontaneously self-assemble into a 
hexagonal close-packed (HCP) monolayer. A second fTO 
coated glass surface is placed over the coated layer of 
droplets as the top electrode to complete construction of the 
device. A uniform monolayer thickness is achieved for ihe 
coated layer and the close-packed distribution of droplets is 
also extremely well defin^. Both features result in a low 
switching voltage. However, there are numerous problems 
with this approach. Firstly, the uniform droplets of liquid 
crystal are prepared by extrusion through a thin capillary 
into a flowing fluid. When a droplet at the tip of the capillary 
grows to reach critical size, viscous drag exceeds surface 
tension and breakoflf occurs, producing highly monodisperse 
emulsions. Clearly, this method of creating one droplet at a 
time is not suitable for large scale manufacture. Secondly, 
the method by which the second (top) electrode is applied 
may be suitable for construction of small scale displays on 
rigid substrates such as glass but is not viable for large area 
low cost displays on flexible substrates. 

US 2003/0137717A1 and US 2004/0217929A1 indicate 
that a close-packed monolayer of droplets of the light 
modulating component may be desirable for obtaining high 
bri^tness and contrast in a polymer dispersed electro- 
phonetic display. However the method of making droplets 
d^cribed in these applications is a standard emulsification 
process that does not result in emulsions having a narrow 
size distribution that is desirable for obtaining close-packed 
monolayers by spontaneous self-assembly. The preferred 
method of preparing droplets in US 2003/013771 7A1 and 
US 2004/02 17929 A 1 also involves encapsulation resulting 
in droplets or capsules in the size range of 20 to 200 microns 
with wall thickness of 0,2 to 10 naicrons. Tlie relatively large 
droplet size and wall thickness result in high switching 
voltages. The latter is particularly a problem for bistable 
CLC devices. Encapsulation is clearly not desirable but 
these applications do not teach how a second conducting 
layer is to be applied on top of the coated layer of droplets 
in the absence of encapsulation. In the absence of encapsu- 
lation, droplets of the light modulating component may 
directly come in contact with the organic solvent in the 
screen printed conducting ink leading to contamination or 
poisoning of the light modulating component. This is par- 
ticularly a concern if the light modulating component is a 
liquid crystal material. 

To overcome the difBciilties of US 2003/01 377 17A1 and 
US 2004/021 7929A1, US 2004/0226820A1 teaches that a 
close-packed monolayer of droplets may be obtained by 
using electro -deposition followed by washing after the drop- 
lets have been spread on a suitable surface using a coating 
knife or coating head such as a slot die coating head. 
However, the additional steps of electro-deposition and 
washing are cumbersome and not suitable for manufacturing 
on a large scale. Even with these additional steps, a close- 
packed monolayer of uniform thickness is not achieved. The 
root mean square (RMS) surface roughness is about 6 
microns because of non-uniform droplets or capsules. This 
is a very high value of surface roughness that would resiilt 
in irregular or incomplete curing if a UV curable screen 
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printed conducive ink is used as the second electrode. The 
irregular curing will result in increased switchin;| voltages. 
Furtheimore, a surface rou^mess of this magnitucle will also 
result in significant non-uniformity of switching voltage 
across the area of the display suice the switching; voltage is 
directly related to the thickness of the coated la"/er. 

US 2003/0137717A1, US 2004/021 792 9Ai and US 
2004/0226820A1 also teach using polymer latex as the 
preferred binder. The use of polymer latex mateiials is not 

) desirable for a number of reasons. Many commsicial latex 
materials contain high boiling organic co-solverts that ren- 
der them unsuitable for use in PDLC films due to the 
poisoning effect the solvents have on the liquid crystal or 
other light modulating component. This is particularly true 

j if the droplets are not encapsulated as is desirable from the 
point of view of reduced switching voltage. Lattct polymers 
also have an af&nity for the liquid crystal or otiier light 
modulating component leading to dissolution of the light 
modulating component into die polymer matrix. Further- 

3 more, if the latex is not fully transparent, it can lead to a loss 
of contrast. Other binders suggested in US 2004/021 7929A1 
such as acrylics or polyvinylalcohol are difficult to fix or 
cross-link if used alone. Fixing or cross-linking is desired in 
order to preserve the close-packed monolayer structure 

S when other layers are spread over it. 

U.S. Pat No. 5,847,798 discloses a liquid crystalline light 
modulating cell and material, characteri2!ed by liquid crys- 
talline light modulating material of liquid cryslfil and poly- 
mer, the liquid crystal being a chiral nematic liquid crystal 

3 having positive dielectric anisotropy and including chiral 
material in an amount effective to form fociil conic and 
twisted planar textures, the polymer being distributed in 
phase separated domahas in the liquid crystal cell in an 
amount that stabilizes the focal conic and tv/isted planar 

5 textures in the absence of a field and permits die liquid 
crystal to change textures upon the application of a field. In 
one embodiment, the material is light scattering in a field- 
OFF condition and optically clear in a field-CtN condition, 
while in another onbodiment, the material is oi)tically clear 

0 in a field-OFF condition and light scattering jji a field-ON 
condition. In still another embocUment, a bla<::k-white cho- 
lesteric reflective display can be realized by employing a 
polymer concentration of about three percent based on the 
combined weight of all the material contained within the 

5 cell. A cholesteric material which has an intrinsic piteh of 
about 600 nm results in a display which appears much like 
a newspaper or book page. In othar words, by selecting in 
combination the proper polymer concentration and intrinsic 
pitch of the liquid crystal material, a substantially white page 

0 or surface with black characters thereon car. be obtained. 
This embodiment allows for a display with a substantially 
white background with substantially black characters much 
like a printed page. However, this embodiment has a cell 
consisting of two substrates, one on either side of the liquid 

5 crystal polymer film. 

U.S. Pat. No. 6,833,891 discloses a reflective liquid 
crystal display (LCD) including a cholesteric liquid crystal 
polarizing device and a liquid crystal cell siip«;rimposed with 
one another. In various embodiments, the reflective LCD 

0 may be a normally white mode or normally black mode 
device. In another variation, the liquid cr,?stal cell may 
include a 90* twisted nematic liquid cryslal. Unlike the 
current invention, this invention includes a 90 degree 
twisted nematic LCD to modulate the light output. 

s U.S. Pat. Publ. No. 2004/0223098 discloses a display 
device displaying a color by mixing light reflated by a first 
reflection element and light reflected by a stxiond reflection 
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element by additive color mixture, in whicti the light of a 
fmt wavelength reflected by the first reflection element and 
light of a second wavelength reflected by the second reflec- 
tion element have a mutually complementaiy color relation- 
ship. Thus, the display device, which can make good black 
and white display by a simple structure and can be driven by 
a simple method, can be realized. Unlike the current inven- 
tion, this invention has 2 layers of cholesteric, for instance 
one blue and one yellow, using additive color the mixture is 
white. 

U.S. Pat. Publ. No. 2004/0125284 discloses a chiral 
nematic display configuration, typically in liquid crystal 
displays, comprising a chiral nematic display of controllable 
planar structure and focal conic structure, characterised by 
the chiral nematic liquid crystal material being between two 
transparent substrates having conductive electrodes, the 
material being between two elliptical polarizers and there 
being an optical reflector. The invention achieves a high 
contrast black-and-white display. The displays in the 
embodiment are first and second optical mode configura- 
tions of the black-and-white chiral nematic displays. Unlike 
the current invention, this invention utilizes elliptical polar- 
izers on either side of the cholesteric liquid crystal to absorb 
or transmit the light transmitted by ^e cholesteric liquid 
ciystal. 

For these reasons, an alternative approach is clearly 
needed. 

PROBLEM TO BE SOLVED 

There remains a need for a reduced cost, display having 
excellent brightness, high contrast, and low switching volt- 
age. 

SUMMARY OF THE INVENTION 

The present invention relates to a high contrast reflective 
display comprising at least one substrate, at least one elec- 
trically conductive layer and at least one close-packed, 
ordered monolayer of domains of electrically modulated 
material in a fixed polymer matrix and a method of making 
&e same. 

ADVANTAGEOUS EFFECT OF THE 
INVENTION 

The present invention includes several advantages, not all 
of which are incorporated in a single embodiment The 
current single substrate displays have a small distribution of 
wavelengths reflected this will allow for broadband reflec- 
tion and black for the dark state. This is much more pleasing 
so the ^e then monochrome displays. By selecting, in 
combination with the light modulating material with an 
intrinsic pitch, a UV curable polymer in a proper concen- 
tration, a substantially white page or surface with black 
characters thereon can be obtained. Accordingly, the black- 
white cholesteric reflective display provides a pleasing 
appearance and reduced eyestrain while reading the charac- 
ters on the display when compared to other currently known 
liquid crystal reflective displays, while being pressiire insen- 
sitive and using one substrate. 

BRIEF DESCRIPTION OF TEIE DRAWINGS 

FIG. 1 represents the diffraction pattern caused by Fraun- 
hofer diJOfraction of light indicating a close-packed ordered 
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monolayer of chiral nematic liquid crystal (CL(^) droplets 
(or droplets of the light modulating material) in ihe coating 
of the invention. 

FIG. 2 represents the diflFraction pattern by I'raunhofer 
5 diffraction of light indicating a very disordered coating of 
the CLC droplets, according to the prior art. 

FIG. 3 illustrates the electro-optic response of a display 
device based on one embodiment of the metliod of the 
invention. 

10 FIG. 4 illustrates the electro-optic response cf a display 
device based on tiae method of the prior art. 

FIG. 5 illustrates the electro-optic response oi a display 
device based on a second embodiment of the mtithcd of the 
invention. 

15 FIG. 6 illustrates a display based on one emlodiment of 
the invention. 

FIG. 7 illustrates a display based on a second embodiment 
of the invention. 

FIG. 8 illustrates a typical response of a bistjtble choles- 
20 teric or chiral nematic liquid crystal material to voltage 
pulses. 

FIG, 9 illustrates the uniformity of the surfeice of the 
coated layer of the light modulating component prepared 
according to the method of the invention. 
25 FIG. 10 illustrates fixing the architecture o:f the coated 
layer of the Ught modulating component of uniform thick- 
ness according to the method of the invention. 

FIG. 11 illustrates the electro-optic response of a display 
device using polymer latex as binder in the imaging layer 

30 

DETAILED DESCRIPTION OF TFS 
INVENTION 

The present invention relates to a high contrast reflective 

35 display comprising at least one substrate, at leeist one elec- 
trically conductive layer and at least one c;tose-packed, 
ordered monolayer of domains of electrically modulated 
material in a fixed, preferably crosslinked, polymer matrix 
and a method of making the same. In the preferred embodi- 

40 ment, the electrically modulated material is a chiral nematic 
liquid crystal incorporated in a polymer matrix. Chiral 
nematic liquid crystalline materials may be ujied to create 
electiwnic displays that are both bistable and viewable under 
ambient lighting. Furthermore, the liquid crysJtalline mate- 

45 rials may be dispersed as micron sized dioplets in an 
aqueous medium, mixed with a suitable bindei: material and 
coated on a flexible conductive support to create potentially 
low cost displays. The operation of these disp l ays is depen- 
dent on the contrast between the planar reflecting state and 

50 the weakly scattering foca! conic state. In order to derive the 
maximum contrast from these displays, it is desired that the 
chiral nematic liquid crystal domains or droplets are spread 
on a conductive support as a close-packed cindered mono- 
layer. It is possible to pr^are such an ordered monolayer by 

55 first applying an aqueous dispersion of chiral nematic liquid 
crystal domains to the substrate in the presenc:e of a suitable 
binder, allowing the domains or droplets to self-assemble 
into a close-packed ordered monolayer, preferably a hex- 
agonal close-packed (HCP) monolayer and then allowing 

60 the binder material to set, become fixed cr crosslink to 
preserve the close-packed ordered monolayer structure so 
that otiier aqueous layers can be spread above the imaging 
layer without affecting the close-packed structure. 
In general, the light modulating ima®ng layer contams 

65 electrically modulated material domains dispersed in a 
binder. For purposes of the present inventicsn domains are 
defined to be synonymous with micelles and/or droplets. The 
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electrically modulated material may be electiochromic particles. The described rmcrocapsules are dispostid between 
material, lotatable microeacapsulated microsphores, liquid a pair of electrodes, such that a desired image is ibnned and 
crystal materials, cbolesteric/cliiral aematic liquid crystal displayed by the material by varying the dispersion state of 
materials, polymer dispersed liquid crystals (PDLC), poly- the charged particles. The dispersion slate of t)ie charged 
mer stabilized liquid crystals, surface stabilized liquid crys- 5 particles is varied through a controlled electric fi^eld applied 
tals, smectic liquid crystals, ferroelectric material, electrolu- to the electrically modulated material, 
minescent material or any other of a very large number of Further^ the electrically modulated material may include a 
light modulating imaging materials known m the prior art. thermochromic material. A thermochiomic material is 
The domains of the electrically modulated imaging layer capable of changing its state alternately between transparent 
include droplets having uniform domain size, with few, if lo and opaque upon the application of heat In this manner, a 
any, parasitic domains, which are domains with random or thermochromic imaging material develops images through 
uncontrolled sizes and which have undesirable electro- the application of heat at specific pixel locations in order to 
optical properties, within the dried coatings, as described in form an image. The thermochromic unaging material retains 
previous patent art. a particular image until heat is again applied to tite material. 

The display includes a suitable electrically modulated is Since the rewritable material is transparent, UV auorescent 
materia] disposed on a suitable support stmcture, such as on printings, designs and patterns underneath c£tti be seen 
or between one or more electrodes. The term "electrically trough. 

modulated material" as used herein is intended to include The electrically modulated material may a:[:5o include 
any suitable nonvolatile material. Suitable materials for the surface stabilized ferrroelectric liquid crystals; (SSFLC). 
electrically modulated material are described in U.S. patent 20 Surface stabilized ferraelectric liquid crystals coiifimng fer- 
appiication Ser. No. 09/393,553 and U.S. PiXJvisional Patent raelectric liquid crystal material between clofiely spaced 
Application Ser. No. 60/099,888, the contents of both appli- glass plates to suppress the natural helix oonfigujBtion of the 
cations are herein mcorporated by reference. crystals. The cells switch rapidly between two optically 

Hie electrically modulated material may also be an distinct, stable states simply by alternating the sign of an 
arrangement of particles or microscopic containers or micro- 25 applied electric field. 

capsules. Each microcapsule contains an electrophoretic Magnetic particles suspended in an emulsion comprise an 
composition of a fluid, such as a dielectric or emulsion fluid, additional imaging material suitable for use with the present 
and a suspeasion ofcolored or charged particles or colloidal inventioa Application of a magnetic force alters pixels 
material. According to one practice, the particles visually formed with the magnetic particles m order to create, update 
contrast with the dielectric fluid. According to another 30 or change human and/or machine readable indicia. Those 
example, the electrically modulated material may include skilled in the art will recognize that a variety of bistable 
rotatable balls that can rotate to expose a different colored nonvolatile imaging materials are available and may be 
surface area, and which can migrate between a forward implemented in the present invention, 
viewing position and/or a rear nonviewing position, such as The electrically modulated material may also be config- 
gyncon. Specifically, gyricon is a material comprised of 35 ured as a single color, such as black, white or cltar, and may 
twisting rotating elements contained m liquid filled spherical be fluorescent, uidescent, bioluminescent, incandescetit, 
cavities and embedded in an elastomer medium. The rotating ultraviolet, infrared, or may include a wavelength specific 
elements may be made to exhibit changes in optical prop- radiation absorbing or emitting material Th,;re may be 
erties by the imposition of an external electric field. Upon multiple layers of electrically modulated material. Different 
applicaftion of an electric field of a given polarity, one 40 layers or regions of the electrically modulated riaterial may 
segment of a rotating element rotates toward, and is visible have different properties or colors. Moreover, tlie character- 
by an observer of the display. Application of an electric field istics of the various layers may be difl^rent from each other, 
of opposite polarity, causes the element to rotate and expose For example, one layer can be used to viev? or display 
a second, different segment to the observer. A gyricon information in the visible light range, while a uecond layer 
display mamtams a given configuration until an electric field 45 responds to or emits ultraviolet light. The non\ isible layers 
is actively applied to the display assembly. Gyricon mate- may alternatively be constructed of nonelectrically modu- 
rials are disclosed m U.S. Pat. Nos. 6,147,791, 4,126,854 lated material based materials that have the previously listed 
and 6,055,091 , the contents of which are herein incorporated radiation absorbing or emitting characteristics. The eiectri- 
by reference, cally modulated materia] employed in coimection with the 

Accordmg to one practice, the microcapsules may be 50 present invention preferably has the characteristic that it 
filled widi electrically charged while particles in a black or does not require power to mamtain display of indicia, 
colored dye. Examples of electrically modulated material The most preferred electrically modulated material is a 
suitable for use with the present invention are set forth in light modulating material, such as a liquid crystalline mate- 
International Patent Application Publication Number WO rial. The liquid crystalline material can be cme of many 
98/41899, International Patent Application Pubhcation 55 different liquid crystal phases such as; nematic (N), chiral 
Number WO 98/19208, International Patent Application nematic (N*), or smectic, depending upon the arrangement 
Publication Number WO 98/03896, and International Patent of the molecules in the mesophase. Chiral mjmatic liquid 
Application Publication Number WO 98/41 898, the contents crystal (N*LC) displays are preferably reflective, that is no 
of which are herein mcorporated by reference. backlight is needed, and can fimction without the use of 

The electrically modulated material may also include 60 polarizing fihns or a color filter, 
material disclosed in U.S. Pat. No. 6,025,896, the contents Chiral nematic liquid crystal refers to the type of liquid 
of which are incorporated herein by reference. This mat«ial crystal having finer pitch than that of twisted nematic and 
comprises chaiiged particles in a liquid dispersion medium super twisted nematic used in commonly encoimtered liquid 
encapsulated in a large number of microcapsules. The crystal devices. Chiral nematic liquid crystals , are so named 
charged particles can have different types of color and 65 because such liquid crystal formulations are commonly 
charge polarity. For example white positively charged par- obtained by adding chiial agents to host nematic liquid 
tides can be employed along with black negatively chained crystals. Chiral nematic liquid crystals may be used to 
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99. Samsung has been and is infringing the '197 patent by making, using, 
selling, offering for sale, and/or importing in 'or into the United States, without authority, 
products that fall within the scope of one or more claims of the * 197 patent, including but 
not limited to Samsung products bearing flat panel displays such as the Samsung netbook 
NP-N3 10-KA04US and notebook X460-41 S j 

100. Samsung has been and is continuing to induce infringement of the '197 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '197 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claims of the *197 patent. The infringing 

instrumentalities have no substantial non- infringing uses. 

'I 

101. Samsung had and continues to have actual knowledge of the '197 patent 
and their coverage of Samsung's infringing instrumentalities, but has nonetheless 
engaged in the infringing conduct. Samsung's infringement of the '197 patent v*^as and 
continues to be willful. ! 

102. As a direct and proximate result of Samsung's acts of patent infringement, 

ITRI has been and continues to be injured and has sustained and will continue to sustain 

\ 

substantial damages. 

;l 

103. Unless Samsung is enjoined by this Court from continuing their 
infringement of the '197 patent, ITRI will suffer additional irreparable harm and 
impairment of the value of its patent rights. ; 

104. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Page 18 
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produce bistable or multi-stable displays. These devices wherein X and Z, which may be identical or different, are in 

have significantly reduced power consumption due to their each case, mdependently from one another, a biv;Eilent radi- 

nonvolatile "memory" characteristic. Since such displays do cal from the group formed by -Phe-, -Cyc-, -Phe-Phe-, 

not require a continuous driving circuit to maintain an -Phe-Cyc-» -Cyc-Cyc-, -Pyr-, -Dio-, — B-Phe- and — B- 

image, they consume significantly reduced power. Chiral 5 Cyc-, wherein Phe is unsubstimted or fluorine-substituted 

nematic displays are bistable in the absence of a field, the 1,4-phenylene, Cyc is trans- 1,4-cyclohexylene or 1,4-cycIo- 

two stable textures are the reflective planar texnire and the hexenylene, Pyr is pyrimidine-2,5-diyl or pyridine -2,5 -diyl 

weakly scattering focal conic texture. In the planar texture, Dio is l,3-dioxane-2,5-diyl, and B is 2-Ctrans-l,4-cyclo' 

the hehcal axes of the chiral nematic liquid crystal mol- hexyl)ethyl, pyrimidine-2,5-diyl, pyridine-2,5-diyl or 1 3- 

ecules are substantially perpendicular to the substrate upon lo dioxane-2,5-diyl. Y in these compounds is selecttid from the 

which the liquid crystal is disposed. In the focal conic state following bivalent groups — CH=CH— -- C=C— 


- J 4J - — , ^vj^ ^ , «wXi<, W 3 •\^\J O , 

dopants m the chiral nematic material modulates the pitch — CH2— S— , --COO-Phe-COO— or a single t>ond, with 
length of the mesophase and, thus, the wavelengtfi of i5 Y* being halogen, preferably chlorine, or —CN. R' and R" 

radiation reflected Chiral nematic materials that reflect are, in each case, independently of one anoiiier, alkyl, 

infrared radiation and ultraviolet have been used for pur- alkenyl, alkoxy, alkenyloxy, alkanoyloxy, alkoxycarbonyl or 

poses of scientific study. Commercial displays are most alkoxycarbonyloxy with 1 to 18, preferably 1 to ] 2Catoms 

often fabricated from chiral nematic materials that reflect or alternatively one of R' and R" is — F, ^F:i, — OCF3,' 

visible light. Some known LCD devices include chemically 20 —CI, — NCS or — CN. In most of these compounds R' and 

etched, transparent, conductive layers overlying a glass R' are, in each case, independently of each ancither, alkyl, 

substrate as described m U.S. Pat. No. No. 5,667,853, alkenyl or alkoxy with dififerent chain length, >vherein the 

incorporated herein by reference. Suitable chiral nematic sum of C atoms in nematic media generally is belween 2 and 

liquid crystal compositions preferably have a positive 9, preferably between 2 and 7. The nematic lic^uid crystal 

dielectric anisotropy and include chiral material in an 25 phases typically consist of 2 to 20, preferably 2 to 15 

amount effective to form focal conic and twisted planar components. The above list of materials is not inlended to be 

textures. Chiral nematic liquid crystal materials are pre- exhaustive or limiting. The lists disclose a variety of repre- 

ferred because of their excellent reflective characteristics, sentative materials suitable for use or mixtures, which 

bistability and gray scale memory. comprise the active element in light modulating liquid 

Modem chiral nematic liquid crystal materials usually 30 crystal compositions. Chiral nematic liquid crystal materials 

include at least one nematic host combined with a chiral and cells, as well as polymer stabilized chiral ne iiatic liquid 

dopant. In general, the nematic liquid crystal phase is crystals and cells, are well known in the art and described in, 

composed of one or more mesogenic components combined for example, U.S. patent application Ser. Nos. -[17/969,093, 

to provide useful composite properties. The nematic com- 08/057,662, Yang et al., Appl. Phys. Lett. 60(25) pp 3 1 02-04 

ponent of the chiral nematic liquid crystal mixture may be 35 (1992), Yang et a]., J. Appl. Phys. 76(2) pp B31 (1994), 

comprised of any suitable nematic liquid crystal mixture or published International Patent Application No. PCT/US92/ 

composition havmg appropriate liquid crystal characteris- 09367, and published hitemational Patent Application Ko. 

tics. Nematic liquid crystals suitable for use in the present PCT/US92/03504, all of which are incorporated herein by 

invention are preferably composed of compounds of low reference, 

molecular weight selected fiiom nematic or nematogenic 40 Suitable commercial nematic liquid crystals include, for 

substances, for example from the known classes of the example, E7, E44, E48, E31, E80, BL087, ELlOl, ZLI- 

azoxybenzenes, benzylideneanilines, biphenyls, terphenyls, 3308, ZU-3273, ZLI-5048-000, ZU-5049-100, ZLI-5100- 

phenyl or cyclohexyl benzoates, phenyl or cyclohexy I esters 1 00, ZLI-5800-000, MLC-604 1 -1 00. TL202, TL.203, TL204 

of cyclohexanecarboxylic add, phenyl or cyclohexyl esters and TL205 manufactured by E. Merck (E>an:astadl, Ger- 

of cyclohexylbenzoic acid, phenyl or cyclohexyl esters of 45 many). Although nematic liquid crystals having positive 

cyclohexylcycJohexanecarboxylic acid, cyclohexylphenyl dielectric anisotropy, and especially cyanobiphenyls, are 

esters of benzoic add, of cydohexanecarboxylic add and of prefenred, virtually any nematic liquid crystal l(jiown in the 

cyclohexylcyclohexanecarboxylic acid, phenyl cydohex- art, including those having negative dielectric anisotropy 

anes, cyclohexylbiphenyls, phenyl cyclohexylcydohexanes, should be suitable for use in the invention. O'iier nematic 

cyclohexylcydohexanes, cydohexylcyclohexenes, cyclo- so materials may also be suitable for use in the present inven- 

hexylcyclohexylcydohexenes, l,4-bis-cyclohexylben2enes, tion as would be appreciated by those skilled in the art 

4,4-bis-cyclohexylbiphenyls, phenyl- or cydohexylpyrim- The chiral dopant added to the nematic mixture to induce 

idines, phenyl- or cydohexylpyridines, phenyl- or cyclo- the helical twisting of the mesophase, theret)y allowing 

hexylpyndazines, phenyl- or cyclohexyldioxanes, phenyl- reflection of visible light, can be of any useiiil structural 

or cydohexyl-l,3-dithianes, 1 ,2.diphenylethanes, l,2^3icy- 55 class. The choice of dopant depends upon sei'eral charac- 

clohexylethanes, l-phenyl-2-cydohexylethanes, 1 -cyclo- teristics includmg among others its chemical (xjmpatibility 

hexyl-2-(4-phenylcyclohexyl)ethanes, l-cyclohexyl-2',2-bi- with the nematic host, hdical twisting power, temperature 

phenylethanes, 1 -pheayl-2-cyclohexylphenylethanes, sensitivity, and Hght fastness. Many chiral dopa at dasses are 

optionally halogenated stilbenes, benzyl phenyl ethers, known in the art: for example, G. Gottardli and G. Spada 

tolanes, substituted cinnamic acids and esters, and further 60 Mol Cryst Liq. Crys., 123, 377 (1985), G. Spada and g' 

classes of nematic or nematogenic substances. The 1,4- Proni, Enantiomer. 3, 301 (1998) and refereiices therein, 

phenylene groups in these compounds may also be laterally Typical wdl known dopant classes include 1,1-bmaphthol 

mono- or difluorinated. The liquid crystalline material of this derivatives, isosorbide and sunilar isomannide esters as 

preferred embodiment is based on the achiral compounds of disdosed in U.S. Pat. No, 6,217,792, TADDOL derivatives 

this type. The most important compounds, that are possible 65 as disclosed m U.S. Pat. No. 6,099,751, and the pending 

as components of these liquid crystalline materials, can be spiroindanes esters as disclosed m U.S. pateti.t application 

charactenzed by the following formula R'-_X— Y— Z— R" Ser. No. 10/651 ,692 by T. Wdter et al filed Aug 29 2003 
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titled "Chiral Compounds And Compositions Containing copolymers, and homopolymer or copolymers iiontaining 

The Same," hereby incorporated by reference. styrene sulfonic acid. Gelatin is preferred. 

The pitch length of the liquid crystal materials may be Gelatin is derived from a material called collagen. Col- 
adjusted based upon the following equation (1): '^Sen has a high content of glycine and of the imino acids 

5 prolme and hydroxyproline. It has a triple helix structure 

>wn»jpo made up of three parallel chains. When collagen La water is 

heated above a certain temperature, it will denatJire to form 

where is the peak reflection wavelength, that is, the gelatin. Concentrated gelatin solutions form rigid gels when 

wavelength at which reflectance is a maximtim, n^^, is the cooled. This phenomenon is known as sol-gel tiransition or 

average index of refraction of the liquid crystal material, and lo thermal gelation and is the result of secondary bonding, such 

Po is the natural pitch length of the chiral nematic helix. as hydrogen bonding, between gelatin molecules in solution. 

Definitions of chiral nematic helix and pitch length and It should be noted that this property is not limit«l to gelatin; 

methods of its measurement, are known to those skilled in for example, aqueous solutions of agar, a polysaccharide 

the art such as can be found in the book, Blinov, L. M., from seaweed, will also form rigid gels upon cooling. Partial 

Electro-optical and Magneto-Optical Properties of Liquid i5 renaturation of gelatin also occurs upon cooling. The latter 

Crystals, John Wiley & Sons Ltd, 1983. The pitch length is refers to the formation of triple helix collager.-like struc- 

modified by adjusting the concentration of the chiral mate- tures. The stnictiues do not form if gelatin is jiot chill set 

rial in the liquid crystal material For most concentrations of prior to drying. In other words, molecules of gelatin remain 

chiral dopants, the pitch length induced by the dopant is in a random coil configuration if the coating is dried at a 

inversely proportional to the concentration of the dopant. 20 temperature that is above the sol-gel transition temperature. 

The proportionality constant is given by the following The presence of helix structures may be detected by x-ray 

equation (2): diflfiraction. Chill set gelatin containing molecules in a helix 

configuration has relatively low solubility in coi d water and 

po'ViHTP.c) oiganic solvents compared to the random coil jjelatin. This 

, . ^, ^ ^. f *i. I.- , J .J TT-T^ • 25 property enables chill set gelatin to be an efife<:tive barrier 

where c is the concentration of the chiral dopant and HTP is y^^^J^ ^^^^^^^ conductive inks and 

the proportionality constant. ^^^^ modulating material. 

For some applications, it is desired to have liquid crystal Useful "gelatins," as that term is used generically herein, 
mixtiures that exhibit a stixjng helical twist and thereby a include alkali treated gelatin (cattle bone or bide gelatin), 
short pitch lei^. For example in liquid crystallmemixtiires 30 acid treated gelatin (pigskin gelatin), fish skin gelatin and 
that are used in selectively reflecting chhal nematic displays, gelatin derivatives such as acetylated gelatm, acd phthalated 
the pitch has to be selected such that the maximum of the gelatin. Any type of gelatin may be used, provided the 
wavelength reflected by the chiral nematic helix is in the gelatin has sufficient molecular weight to allow the 
range of visible Ught. Other possible appKcations arc poly- crosslinker to crosslink or the fixative to fix or set. Fish 
mer films with a chiial liquid crystalline phase for optical 35 gdatins have lower imino acid content compared to mam- 
elements, such as chiral nematic broadband polarizers, filter malian gelatins. The sol-gel transition tempeniture or ther- 
airays, or chiral liquid crystalline retardation films. Among mal gelation temperatiire or chill set temperaftne is lower if 
these are active and passive optical elements or color filters the imino acid content is smaller. For example, the chill set 
and liquid crystal dsplays, for example STN, TN, AMD- temperatiJie of gelatins derived from deep water fish such as 
TN, temperature compensation, polymer fiiee or polymer 40 cod, haddock or pollock is significantly lowei- than that of 
stabilized chiral nematic texture (PFCT, PSCT) displays, cattle gelatin. Aqueous solutions of these geiatins remain 
Possible display industry applications mclude ultralight, fluid until about lO** C. whereas solutions of cattle gelatin 
flexible, and inexpensive displays for notebook and desktop vvUl gel at room temperatiire. Other hydrophitic: colloids that 
computers, instrument panels, video game machines, video- can be utilized alone or in combination with gelatm include 
phones, mobUe phones, hand held PCs, PDAs, e-books, 45 dextran, gum aiabic, zein, casein, pectin, collagen deriva- 
camcorders, satellite navigation systems, store and super- tives, collodion, agar-agar, arrowroot, albumin, and the like, 
market pricing systems, highway signs, informational dis- still other useful hydrophilic colloids are ivater soluble 
plays, smart cards, toys, and other electronic devices. polyvinyl compounds such as polyvinyl alcohol, polyacry- 

The liquid crystalline droplets or domains are typically lamide, poly(vinylpyrrolidone), and the like. Useful liquid 

dispersed iu a continuous bmder. In one embodiment, a 50 crystal to gelatin ratios should be between 6:1 and 0.5:1 

chiral nematic liquid crystal composition may be dispersed liquid crystal to gelatin, preferably 3:1. 

in a continuous polymeric matrix. Such materiaJs are Other organic binders such as polyvinyl alcohol (PVA) or 

referred to as "polymer dispersed liquid crystal" materials or polyethylene oxide (PEO) can be used as mincir components 

"PDLC" materials. Suitable hydrophilic binders include of the binder in addition to gelatin. Such compounds are 

both naturally occurring substances such as proteins, protein 55 preferably machine coatable on equipment associated with 

derivatives, cellulose derivatives (for example cellulose photographic fihns. 

esters), gelatins and gelatin derivatives, polysaccaharides, It is desirable that tiie binder has a low ionic content. The 

casdn, and the like, and synthetic water permeable colloids presence of ions in such a binder hinders the development of 

such as poly(vinyl lactams), acrylamide polymers, latex, an electrical field across the dispersed liquid ciystal material. 

poly(viny I alcohol) and its derivatives, hydrolyzed polyvinyl so Additionally, ions in the binder can migrate in tiie presence 

acetates, polymers of alky] and sulfoalkyl acrylates and of an electrical field, chemically damaging tiie light modu- 

methacrylates, polyamides, polyvinyl pyridine, acrylic acid lating layer. The coating thickness, size of thf; liquid crystal 

polymers, maleic anhydride copolymers, polyalkylene domains, and concentration of the domains o f liquid crystal 

oxide, methacrylamide copolymers, polyvinyl oxazolidino- materials are designed for optimum optical pr:>perties. Here- 

nes, maleic acid copolymers, vinyl amine copolymers, meth- 65 tofore, the dispersion of liquid crystals is pa-formed using 

acrylic acid copolymers, acryloyloxyalkyl acrylate and shear mills or other mechanical separating iiieans to fomi 

methacrylates, vinyl imidazole copolymers, vinyl sulfide domains of liquid crystal within li^t modulating layer. 
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A conveational surfactant can be added to the emulsion to polyol reaction product consisting of 1 antydroglucose unit: 

improve coating of the layer. Surfectants can be of conven- 2 glyoxal units (SEQUARE2® 755 obtained i'mm Sequa 

tional design, and are provided at a concentration that Chemicals, Inc.), DME-Melamine non-fonnaldehyde resins 

corresponds to the critical micelle concentration (CMC) of such as Sequa CPD3046-76 obtained fiora Sequa Chemicals 

the solution. A preferred surfactant is Aerosol OT, commer- 5 Inc., and 2,3Hdihydroxy-l,4-dioxane (DHD). Thus, harden- 

cially available from Cytec Industries, Inc. ers that contain active olefinic functional groups inchide, for 

In a preferred embodiment^ the liquid crystal and gelatin example, bis-(vinylsulfonyl)-methane (BVSM), bis-(vinyl- 
emulsion are coated and dried to optimize the optical sulfonyl-metiiyl) ether (BVSME), 1 ,3,5-triacryloylhexahy- 
propertiesof thelightmodulatinglayer. Inoneembodiment, dro-s-triazine, and the like. In the context of the present 
the layer is coated to provide a final coating containing a lO invention, active olefinic compoimds are defined as corn- 
substantial monolayer of N*LC domains. The temi "sub- pounds having two or more olefinic bonds, especially unsub- 
stantial monolayer" is defined by the Applicants to mean stituted vinyl groups, activated by adjacent eltwtron with- 
that, in a direction perpendicular to the plane of the display, drawing groups (The Theory of the Photograp aic Process, 
there is no more than a single layer of domains sandwiched 4th Edition, T. H. James, 1977, Macmillan Putlishing Co., 
between the electrodes over 90% of the area of the display 15 page 82). Other examples of hardening agents can be found 
(or the imaging layer). in standard references such as The Theory of the Photo- 

The amount of material needed for a monolayer can be graphic Process, T. H. James, Macmillan Publishing Co., 

determined by calculation based on individual domain size. Inc. (New York 1977) or in Research Disclosure;, September 

Furthermore, improved viewing angle and broadband fea- 1996, Vol. 389, Part IIB (Hardeners) or in ReseEirch Disclo- 

tures may be obtained by appropriate choice of diferently 20 sure, September 1994, Vol. 365, Item 36544, Part IIB 

doped domains based on the geometry of the coated droplet (Hardeners). Research Disclosure is published by Kenneth 

and the Bragg reflection condition. Mason Publications, Ltd., Dudley House, 12 North St., 

The addition of a bacteriostat prevents gelatin degradation Emsworth, Hampshire POl 0 7DQ, England. C lefinic hard- 

during emulsion storage and during material operation. The eners are most preferred, as disclosed in U. Pat. Nos. 

gelatin concentration in the emulsion when coated is pref- 25 3,689,274, 2,994,611, 3,642,486, 3,490,911, 3,635,718, 

eiably between about 2 and 20 weight percent based on the 3,640,720, 2,992,109, 3,232,763, and 3,360,372. 

weight of the emulsion. In tiie final emulsion, the liquid Among hardeners of the active olefin type, a preferred 

crystal material may be dispersed at 15% concentration in a class of hardeners particularly are compound:; comprising 

5% gelatin aqueous solution. two or more vinyl sulfonyl groups. These compounds are 

A crosslinking agent or hardener may be used to preserve 30 hereinafter referred to as *'vinyl sulfones". Compounds of 

the architecture of the close-packed monolayer of coated this type are described in numerous patents i Deluding, for 

droplets after it has been formed by self-assembly. Other example, U.S. Pat. Nos. 3,490,911, 3,642,486, 3,841,872 

methods offixing the architecture of iJie close-packed mono- and 4,171,976. Vinyl sulfone hardeners are believed to be 

layer of domains may also be used, although crosslinking is effective as hardeners as a result of tiieir ability' to crosslink 

preferred- The efifects of the crosslinker may be character- 35 polymers makiog up the colloid. 

ized based on the reaction of certain amino acid residues in The liquid ciystalline droplets or domains m ay be formed 

gelatitL For example, the amoimt of histadine is typically by any method, known to those of skill in tiie ait, which will 

reduced from about 4 residues per 1000 to less tiian 2,5 allow control of the domain size. For example, Doane et al, 

residues per 1000 upon cross-linking. Also the amount of {Applied Physics Letters, 48, 269 (1986)) disclose a PDLC 

hydroxylysine is reduced from about 6.9 residues per 1000 40 comprising approximately 0.4 |jm droplets of nematic liquid 

to less than 5.1 residues per 1000. Many conventional crystal 5CB in a polymer binder. A phase separation method 

hardeners are known to crosslink gelatin. Gelatin crosslink- is used for preparing the PDLC. 

ing agents (i.e., the hardener) are included in an amount of A solution containing monomer and liquid ciystal is filled 

at least about 0.01 wt. % and preferably from about 0.1 to in a display cell and the material is then polyraerized. Upon 

about 10 wt.% based on the weight ofthe solid dried gelatin 45 polymerization the liquid crystal becomes icamiscible and 

material used (by dried gelatin it is meant substantially dry nucleates to form droplets. West et al. (Applied Physics 

gelatin at ambient conditions as for example obtained from Letters 63, 1471 (1993)) disclose a PDLC comprising a 

Eastman Gel Co., as compared to swollen gelatin), and more chiral nematic mixture in a polymer binder Once again a 

preferably in the amount of from about 1 to about 5 percent phase separation method is used for preparing the PDLC. 

by weight. More tlmn one gelatin crosslinking agent can be 50 The liquid crystal material and polymer (a .aydroxy func- 

used if desired. Suitable hardeners may include inorganic, tionalized polymethylmethacrylate) along with a crosslinker 

organic hardeners, such as aldehyde hardeners and olefinic for the polymer are dissolved in a common ci-ganic solvent 

hardeners. Inorganic hardeners include compoimds such as toluene and coated on an indium tin oxide (ITO) substrate, 

aluminum salts, especially the sulfate, potassium and ammo- A dispersion of the liquid crystal material ici the polymer 

nium alums, ammonium 2u-conium carbonate, chromium ss binder is formed upon evaporation of toluene at high tem- 

salts such as chromium sulfete and chromium alum, and perature. The phase separation methods of Doane et al. and 

salts of titanium dioxide, and 2irconium dioxide. Represen- West et al. require the use of organic solvents that may be 

tative organic hardeners or gelatin crosslinking agents may objectionable in certain manufecturing environments, 

include aldehyde and related compounds, pyridmiums, ole- In a preferred embodiment, a method referred to as 

fins, carbodiimides, and epoxides. Thus, suitable aldehyde 60 "Imuted coalescence" is used to form uniformly sized emul- 

hardeuers include formaldehyde and compounds that con- sions of liquid crystalline material. For example, the liquid 

tain two or more aldehyde fimctional groups such as glyoxal, crystal material can be homogenized in tiie presence of 

gluteraldehyde and the like. Otiier preferred hardeners finely divided silica, a coalescence limitmg material, such as 

include compounds that contain blocked aldehyde tunc- LUDOX® from DuPont Corporation. A prcmoter material 

tional groups such as aldehydes of the type tetrahydro-4- 6S can be added to the aqueous bath to drive the colloidal 

hydroxy-5-methyl-2(lH)-pyrimidinDne polymers (Sequa particles to the liquid-liquid interface. In a pnjferredembodi- 

SUNREZ® 700), polymers of the type having a glyoxal ment, a copolymer of adipic acid and 2-(methy]amino) 
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ethanol can be used as the promoting agent in the water bath. 
Tiie liquid crystal material can be dispersed using ultrasound 
to create liquid crystal domains below 1 micron in size. 
When the ultrasound energy is removed, the liquid crystal 
material coalesces into domains of uniform size. The limited 
coalescence process is described more fully by Whitesides 
and Ross (J. Colloid Interface Sci. 169, 48 (1995)), by 
Giermanska-Kahn, Schmitt, Binks and Leal-Calderon 
(Langmuir, 18, 2515 (2002)), and U.S. Pat. No. 6,556,262, 
all incorporated herein by reference. 

The distribution of droplet sizes is such that the coefficirait 
of variation (cv) defined as the standard deviation of the 
distribution divided by the arithmetic mean is less than 0.25, 
preferably less than 0.2 and most pref^bly less than 0.15. 
The Hmited coalescent materials can be coated using a 
photographic emulsion coating machine onto sheets of poly- 
ester having an ITO coating with a sheet conductivity of 300 
ohms per square. The coating can be dried to provide a 
polymerically dispersed cholesteric coating. By using lim- 
ited coalescence, there are few, if any, parasitic smaller 
domains (having undesirable electro-optical properties) 
within the dried coatings. 

The size ranges of domains in the dried coating are varied 
as the mixture dries and the domains flatten. In one embodi- 
ment, the resulting domains are flattened by the drying 
process and have on avemge a thickness substantially less 
than their length. The flattening of the domains can be 
achieved by proper formulation and sufficiently rapid drying 
of Ae coating. 

Preferably, tiie domains are flattened spheres and have on 
average a thickness substantially less than their length, 
preferably at least 50% less. More preferably, the domains 
on average have a thickness (depth) to length ratio of 1 :2 to 
1 :6. The flattening of the domains can be achieved by proper 
formulation and sufficiently rapid drying of the coating. The 
domains preferably have an average diameter of 2 to 30 
microns. The imaging layer preferably has a thickness of 10 
to 150 microns when first coated and 2 to 20 microns when 
dried. Most preferably the imaging layer or light modulating 
layer has a thickness between 2 to 6 microns, particularly if 
the light modulating material is a chiral nematic liquid 
crystal. 

The flattened domains of liquid crystal material can be 
defined as having a major axis and a nunor axis. In a 
preferred embodiment of a display or display sheet, the 
major axis is larger in size than the cell (or imaging layer) 
tiiickness for a majority of the domains. Such a dimensional 
relationship is shown in U.S. Pat. No. 6,061,107, hereby 
incorporated by reference in its entirety. 

In U.S. Pat. No. 3,600,060, incorporated herein by refer- 
ence, the domains of the dried light modulating material had 
particle size varying in diameter by a ratio of 10:1. This 
creates large domains and smaller parasitic domains. Para- 
sitic domains have reduced characteristics when compared 
with optimized larger domains. The reduced characteristics 
include reduced brightness and if the parasitic domains are 
small enough diminished bistebility of the cholesteric hquid 
crystal. 

The dispersed domains have an average diameter of 2 to 
30 microns, preferably 5 to 15 microns. The domains are 
dispersed in an aqueous suspensioa The size ranges for die 
dried coating are varied as the mixture dries and the domains 
flatten. 

By varying the amount of silica and copolymer relative to 
toe liquid crystalline material, uniform domain size emul- 


J7,858 B2 

16 

sions of the desired average diameter (by microt;tX)py), can 
be produced. This process produces domains of a selected 
average diameter. 
The resulting domains are flattened by the drying process 

^ and have on average a thickness substantially less than their 
length, preferably at least 50% less. More preferably, the 
domains on average have a thickness (depth) to length ratio 
of 1:2 to 1:10. 

For optimal performance one requires a mcmolayer of 
coated droplets having a close-packed structure of uniform 
thickness. Calculations by Yang and Mi (J. Ph^'sj. D: Appl. 
Phys. Vol. 33, page 672, 2000) have shown that for a chiral 
nematic liquid crystalline material of a giv«i Jiandedness, 

J J maximum reflectance is obtained if the thickness of the 
chiral nematic liquid crystal material between the electrodes 
is about ten times the pitch of the chiral nematic helix. For 
a green reflectmg chiral nematic liquid crystal material with 
550 nm and n^^, of 1 .6 the pitch is 344 nm. Therefore, 
maximum reflectance is obtained for a 3.4 |xm thick layer of 
this material. For chiral nematic liquid crystal materials that 
reflect in the red and near infrared portions of tlie spectrum, 
the pitch and therefore the thickness of llie coated layer 
needed for maximum reflectance will be somewhat hi^er 

25 but even in these cases a thickness of about 5 pm is 
sufficient, if the refractive index is close to L6. In other 
words, increasing the tiiickness of the layer bey<jnd this does 
not provide an increase in reflectance. 
It is also well documented that the switcliing voltage 

30 increases linearly with thickness. Since it is desirable to have 
the lowest possible switching voltage, a uniform thickness 
of about 5 pm is most preferred for the cofited layer of 
droplets, provided the droplets have a close-packed struc- 
ture. Under certain conditions, monodisperse droplets of the 

35 light modulating material will spontaneously i;elf-assemble 
on a surface iato a hexagonal close-packed (H<"P) structure. 
The process has been described in detail by Kienkov et al. 
(Nature, vol. 361, p. 26, 1993). When an aqueous suspension 
of droplets is spread on a surface, the drojalets initially 

40 assume a random, disordered or uncorrelateci distribution. 
However, as a function of drying, when the level of water 
reaches the top of the droplets, there is a string attractive 
force known as the capillary force that drives the droplets 
into a close-packed ordered or correlated stmcture. The 

45 attractive energy of the capillary force is much greater tiian 
the thermal energy. However, it is importaiit that lateral 
movement of droplets is not impeded by a strong attraction 
to the siuface or by an increase in viscosity of the medium 
in which they are suspended. Hie lait^ would happai if the 

50 binder is gelatin and the coated layer of droplets is chill set 
prior to drying. 

The fomiation of a close-packed structure in two dimen- 
sions, starting from a random distribution of droplets, is 
sometimes referred to as two-dimensional crystallization 

55 and should have a monodisperse population of droplets or a 
population of droplets having low polydispersity (Kiuna- 
cheva et al. Physical Review Letters vol. 91, aage 1283010- 
1, 2003). A population of droplets of light modulating 
material having suflSciently low polydispersity to create a 

60 close-packed structure may be achieved by the limited 
coalescence process. The close-packed strut:ture is readily 
observable under an optical microscope. Furtiiermore, the 
close-packed structure has a repeat pattern or periodicity 
wherein tiie repeat distance is of the order of the wavelength 

65 of visible light. A coating having such a pattern exhibits 
Fraunhofer difii^ction when placed before a source of 
visible light such as a visible light laser. The phenomenon of 
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Fraunhoferdifiraction is described more fiilly by Lisensky et 
al. Journal of Chemical Education, vol. 68, February 1991. 

For perfectly monodisperse droplets (cv less than 0.1), a 
hexagonal close-packed (HCP) structure is obtained. The 
diffraction pattern for such a structure is in the form of spots . 5 
If there is a minor level of polydispersity (cv between 0.1 
and 0.2), the difl&action pattern of the close-packed structure 
is in the form of a single ring or a set of concentric rings. 

The close-packed monolayer structure of coated droplets 
may be preserved by fixing or crosslinkiug the binder This u 
allows a second aqueous layer to be coated above the layer 
containing the light modulating material without disturbing 
the close-packed organization. In a preferred embodiment, 
the second layer functions as a protective overcoat for the 
light modulating material. i : 

One embodiment of the present invention also may pro- 
vide a broad band cholesteric reflection, which allows for 
black and white operation of polymer dispersed cholesteric 
LC displays. This is achieved by doping the LC with a UV 
curable polymer which distributes the helical axes of the LC 2< 
to allow for reflection at many wavelengths. The high 
contrast reflective display of this embodinient utilizes at 
least one electronically modulated imaging layer comprising 
a cbiral nematic liquid crystal light modulating material 
having positive dielectric anisotropy and a pitch length 2 
effective to reflect light of approximately 600 nm and a UV 
curable polymer. The chiral nematic liquid crystal light 
modulating material and the UV curable polymer cooperate 
to form focal conic textures and twisted planar textures that 
ai^ stable in the absence of a field. The twisted planar texture 3 
is light reflecting and appears substantially white, while flie 
focal conic texture is weakly scattering. This weakly scat- 
tering focal conic texture may appear as the same color as 
surrounding layers, if the surrotmding layers are colored. For 
example, the weaJdy scattering focal conic texture may 3 
appear as the same color as the rearmost surface of 1he 
display or a color contrast layer located behind the rearmost 
surface, wherein said focal conic texture appears substan- 
tially the same color as a color contrast layer located to the 
rear of the LC layer. It should be noted that "rearmost" is 4 
determined as being further away from the point of viewing 
of the display, typically, further away from the transparent 
support. In a black and white (Usplay, the rearmost layer or 
color contrast layer is black. 

The material used to form the UV curable polymer 4 
networks is soluble with the chiral nematic liquid crystal and 
phase separates upon polymerization to form phase sepa- 
rated polymer domains. Suitable UV curable polymer mate- 
rials may be selected from UV (ultra violet) curable, ther- 
moplastic and thermosetting polymers, including polymers 5 
formed from monomers having at least two polymerizable 
^uble bonds so as to be cross-linkable, polymethyl- 
methacrylates, bisacrylates, hydroxyfiinctionalizEd poly- 
methacrylates and epoxy systems to name a few. The 
amount of UV curable polymer to be used depends upon the 5 
UV curable polymer. Usefhl resuhs have been obtained with 
UV curable polymer contents ranging from about 1.5 to 
about 40% depending upon the UV curable polymer. For 
black and white display units, it has been found that opthnal 
results are obtained when the UV curable polymer content of i 
the liquid crystal material is about 3%. 

A preferred embodiment of the display device shown in 
FIG. 6 comprises a clear flexible support 101 with a clear 
conducting layer 102. The imaging layer or light modulating 
layer (layer 1) contains a close-packed monolayer of drop- f 
lets of the light modulating material 104 along with 
crosslinked binder 103 m a random coil configuration. A 
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protective overcoat 105 is composed of polymer in a helix 
configuration. The second electrode 106 comprises screen 
printed carbon conductive ink. 

A second preferred embodiment of the display device, 
shown in FIG. 7, comprises a clear flexible suppc jt 101 with 
a clear conducting layer 102. The imaging ]ay&r or light 
modulating layer (layer 1) contains a close-packed mono- 
layer of droplets of the li^t modulating material 104 along 
with crosslinked binder 103 in a random coil cocifiguration. 

^ A protective overcoat 107 is composed of polym er in a helix 
configuration and dispersed carbon black foj: improved 
contrast. The second electrode 108 comprises screen printed 
silver conductive ink. 

J In addition to binder and hardener, liquid crystal layers 
may also contain a small amount of light absorbing colorant, 
preferably an absorber dye. It is preferred that an absorbing 
dye is used to selectively absorb back scattered light from 
the focal conic state at tbs lowest wavelengths in the visible 

J part of the spectrum. Further, the colorant selectively 
absorbs similarly scattered light from the planai state, while 
only minimally absorbing the main body of reJ^ected light. 
The colorants may include both dyes and pij'ments. The 
colorant may absorb light components, which may cause 

J turbidity of color in the color display performed by selective 
reflection of the liquid crystal or may cause lowering of a 
transparency in the transparent state of the liquid crystal, and 
therefore can hnprove the display quality. Two or more of 
flie components in the liquid crystal display m ay contain a 

J coloring agent. For example, both the polymer iind the liquid 
crystal may contain the coloring agent. Preferably, a colorant 
is selected, which absorbs rays in a range of shorter wave- 
lengths titianthe selective reflection wavelengtti of the liquid 
crystal. 

5 Any amount of cotorant may be used, provided that 
addition of the colorant does not remarkably impair the 
switching characteristics of the liquid crystal, material for 
display. In addition, if the polymeric binder is formed by 
polymerization, the addition does not inhibit the jwlymer- 

0 ization. An exemplary amount of colorant is from at least 0. 1 
weight % to 5 wei^t % of the liquid crystal material. 

In a prefeired. embodiment, the colorants, preferably 
absorber dyes, are incorporated directly in the chiral nematic 
liquid crystal materials. Any colorants that are ;tniscib]e with 

5 the cholesteric liquid crystal materials are ii;iefal for this 
purpose. Most preferred are colorants that are i«adily soluble 
in toluene. By readily soluble is meant a solubility greater 
than 1 gram per liter, more preferably greater than 10 grams 
per Uter and most preferably greater tiian 100 grams per liter. 

0 Toluene soluble dyes most compatible with iJie cholesteric 
liquid crystal materials are anthraquinone dyes such as 
Sandoplast Blue 2B from Clariant Corporaticu, phthalocya- 
nine dyes such as Savinyl Blue GLS from Clariant Corpo- 
mtion or Neozapon Blue 807 fi:om BASF Corporation, 

5 methine dyes such as Sandoplast Yellow 3G from Clariant 
Corporation or metal complex dyes such as Neozapon 
Yellow 157, Neozapon Orange 251, Neozapon Green 975, 
Neozapon Blue 807 or Neozapon Red 365 from BASF 
Corporation. Other colorants are Neopen Blue 808, Neopen 

0 Yellow 075, Sudan Orange 220 or Sudan Blue 670 from 
BASF Corporation. Other typ^ of colorants may include 
various kinds of dyestuff such as dyestuff for resin coloring 
and dichromatic dyestuflF for liquid ciystiil display. The 
dyestuff for resin coloring may be SPR RJ5D1 (manufac- 

i5 tured by Mitsui Toatsu Senryo Co., Ltd.). The dichromatic 
dyestuff for liquid crystal is specifically SI -424 or M-483 
(both manufectured by Mitsui Toatsu Seni^ o Co., Ltd.). 
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Another aspect of the present invention relates to a 
display sheet comprising a substrate, an electrically conduc- 
tive layer formed over the substtEte, and a liquid crystal 
containing imaging layer comprising a chiral nematic mate- 
rial formed by the above described methods disposed over 
the electrically conductive layer. 

As used herein, the phrase a "liquid crystal display" 
(LCD) is a type of flat panel display used in various 
electronic devices. At a minimum, a LCD comprises a 
substrate, at least one conductive layer and a liquid crystal 
layer. LCDs may also comprise two sheets of polarisang 
material with a liquid crystal solution between the polarizing 
sheets. The sheets of polarizing material may comprise a 
substrate of glass or transparent plastic. The LCD may also 
include functional layers. In one embodiment of a LCD, a 
transparent, multilayer flexible support is coated with a first 
conductive layer, which may be patterned, onto which is 
coated the lij^t modulating liquid crystal layer. A second 
conductive layer is applied and oveicoated widi a dielectric 
layer to which dielectric conductive row contacts are 
attached, including via holes that permit interconnection 
between conductive layers and the dielectric conductive row 
contacts. An optional nanopigmented functional layer may 
be applied between the liquid crystal layer and the second 
conductive layer. 

The liquid crystal (LC) is used as an optical switch. The 
substrates are usually manufactured with transparent, con- 
ductive electrodes, in which electrical "driving" signals are 
coupled. The driving signals induce an electric field which 
can cause a phase change or state change in the liquid crystal 
material, thus exhibiting different light reflecting character- 
istics according to its phase and/or state. 

Cholesteric liquid crystals are bistable at zero field and 
drive schemes may be designed based on their response to 
voltage pulses. A typical response of a bistable cholesteric or 
chiral nematic liquid crystal material to voltage pulses is 
shown in FIG. 8. The horizontal axis represents the ampli- 
tude of the addressing voltage pulse and the vertical axis 
represents the ref3ectance measured after the liquid crystal 
relaxes to the stable state following application of the 
voltage pulse. The solid line is the response, when the 
material is initially in the planar state or texture, and the 
dashed line is the response, when the material is initially in 
the focal conic texture, hi die conventional drive scheme for 
bistable cholesteric displays, the displays are addressed row 
by row. With reference to FIG. 8, if the row voltage VR is 
set at VR-(V3+V4)/2, then tiie column voltage VC has to be 
within the range V4-VR<VC<V1 for all columns in order to 
derive maximum contrast without cross-talk in a matrix or 
multiplexed display. By without cross -talk, it is meant that 
die portion of the image tiiat has already been written on a 
multi-row display device will not be altered when a new row 
is selected and addressed. From the above relationships, it 
follows that for maximum contrast without cross-talk, (V4- 
V3)/2<V1. If we define a quantity Vqm=2Vl/(V4-V3), it is 
clearly desirable that Vqm is greater than or at least equal to 
1. 

The displays may employ any suitable driving schemes 
and electronics known to those skilled in the art, including 
the followmg, all of which are incorporated herein by 
reference in their entireties: Doaae, J. W., Yang, D. K., 
Front-lit Flat Panel Display from Polymer Stabilized Cho- 
lesteric Textures, Japan .Display 92, Hiroshima October 
1992; Yang, D. K, and Doane, J. W., Cholesteric Liquid 
Crystal/Polymer Gel Dispersion: Refiective Display Appli- 
cation, SID Technical Paper Digest, Vol XXIII, May ] 992, 
p. 759, et sea.; U.S. patent application Ser. No. 08/390,068, 
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filed Feb. 17, 1995, entitied "Dynamic Drive Method and 
Apparatus for a Bistable Liquid Crystal Displaj" and U.S. 
Pat. No. 5,453,863. 

A typical display in its simplest form comprises a sheet 
5 supportir^ a conventional polymer dispersed electrically 
modulated material. The sheet includes a sub£:trate. Sub- 
strate can be made of a polymeric material, sucii as Kodak 
Estar film base formed of polyester plastic, imA have a 
tiaickness of between 20 and 200 microns. Fcir example, 
10 substrate can be a SO micron thick sheet of transparent 
polyester. Other polymers, such as transparent polycarbon- 
ate, can also be used. Alternatively, substrate ciin be thin, 
transparent glass. 

A first conductor is formed over substrate. Fin;t conductor 
can be a transparent, electrically conductive layer of tin- 
oxide or mdium-tin-oxide (ITO), with ITO beiiig the pre- 
ferred material. Typically, first conductor is sputtered onto 
the substrate to a resistance of less than 250 ohm;; per square. 
Alternatively, first conductor can be an opaque electrical 
2° conductor formed of metal such as copper, aluminum or 
nickel. If first conductor is an opaque metal, the metal can 
be a metal oxide to create a tight absorbing first conductor. 
A second conductor may be applied to the surface of light 
modulating imaging layer. Second conductor should have 
2^ sufficient conductivity to cany a field across ligbt modulat- 
ing imaging layer. Second conductor can be formed in a 
vacuum environment using materials such as aluminum, tin, 
silver, platinum, carbon, tungsten, molybdenum, or indium. 

In a preferred embodiment of the invention, the display 
device or display sheet has simply a single ima;3iing layer of 
liquid crystal material along a Ime perpendicular to the face 
of the display, preferably a single layer coated on a flexible 
substrate. Such as structure, as compared to vertically 
stacked imaging layers each between opposing substrates, is 
especially advantageous for monochrome shelf labels and 
tile like. Structures having stacked imaging layers, however, 
are optional for providing additional advantages in some 
case. 

^ In a typical matrix -addressable light emitting display 
device, numerous light emitting devices are formed on a 
single substrate and arranged in groups in a regular grid 
pattern. Activation may be by rows arid columns, or in an 
active matrix with individual cathode and anode paths. 
OLEDs are often manufactured by first dqiositing a trans- 
parent electrode on the substrate, and pattemuig the same 
into electrode portions. The organic layer(s) is then depos- 
ited over tiae transparent electrode. A metalhc electrode can 
be formed over the electrode layers. For example, in U.S. 
Pat. No. 5,703,436 to Forrest et al., incorporated herein by 
reference, transparent indium tin oxide (ITO) is used as the 
Hole injecting electrode, and a Mg — ^Ag-ITO electrode layer 
is used for electron injection. 
The flexible plastic substrate can be any flexible self- 

55 supporting plastic film that supports the thin conductive 
metallic film. "Plastic" means a high polymer, usually made 
fxom polymeric synthetic resins, which may be combined 
with otiier ingredients, such as curatives, filters, reinforcing 
agents, colorants, and plasticizers. Plastic includes thsmo- 

go plastic materials and thermosetting materials. 

The flexible plastic fihn must have sufficient thickness 
and mechanical integrity so as to be self-supporting, yet 
should not be so thick as to be rigid. Typically, the flexible 
plastic substrate is the thickest layer of tiie composite film in 

65 thickness. Consequently, the substrate detemines to a large 
extent the mechanical and thermal stability of the fully 
structured composite film. 
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Anoflier significant cliaracteristic of the flexible plastic indium oxide, niobium pentoxide and tin dioxid?. See, lat. 

substrate material is its glass transition temperature (Tg). Tg Publ. No. WO 99/36261 by Polaroid Corporation. In addj- 

is defined as the glass transition temperature at which plastic tion to the primary oxide such as ITO, the at least one 

material will change from the glassy state to the rubbery conductive layer can also comprise a secondary itietal oxide 

state. It may comprise a range before the material may 5 such as an oxide of cerium, titanium, zirconiura, hafiuum 

actually flow. Suitable materials for the flexible plastic ^^^q^ tantalum. See, U.S. Pat. No. 5,667,853 to Fukuyoshi 

substrate mclude thermoplastics of a relatively low glass et al. (Toppan Printing Co.) Other transparent conductive 

transitiontemperature, for example up to 150* Caswell as oxides include, but are not limited to ZnO^, Tn^SnO^, 

materials of a higher glass transition temperature, for Cd2Sn04, Znahi^Oj, Mgln204, Ga^Og— In203, or W^. 

example, above 150° C. The choice of material for the to The conductive layer may be formed, for example, by a low 

flexible plastic substrate would depend on factors such as temperatui^ sputtering technique or by a direct cuirent 

manufacturing process conditions, such as deposition tern- sputtering technique, such as DC sputtering or RF-DC 

perature, and annealing temperature, as well as post manu- sputtering, depending upon the material or mahsrials of the 

facturing conditions such as in a process line of a displays underlying layer. The conductive layer may be a transparent, 

manufacturer. Certain of the plastic substrates discussed is electrically conductive layer oftin oxide or indiujn tin oxide 

below can withstand higher processing temperatures of up to (ijo), or polythiophene (PDOT). Typically, the conductive 

at least about 200° C, some up to 300-350" C, without layer is sputtered onto the substrate to a resistcince of less 

than 250 ohms per square. Alternatively, cond jctive layer 

Typically, the flexible plastic substrate is polyethylene may be an opaque electrical conductor foimed of metal such 

terephthalate (PET), polyethylene naphthalate (PEN), poly- 20 as copper, aluminum or nickel. If the conductive layer is an 

ethersulfone (PES), polycarbonate (PC), polysulfone, a phe- opaque metal, the metal can be a metal oxide to create a light 

nolic resin, an epoxy resin, polyester, polyimide, polyether- absorbing conductive layer 

ester, polyetheramide, cellulose acetate, aliphatic The material is coated over patterned ITO conductors 

po yureth^es, polyacrylomhile, po ytetr^uoro^ylenes, ^„ ^ j ^^ ^^^ ^^^^^ 

poWhdene ftuondes poly(niethy (x-in^^^ 25 driM thiclme^ of less thL 50 microns, preferably less tL 

ahphahc or cychc polyole (PAR), polyether- 35 ^ ^^^^ ^^^^^ j^^^ ^^^^^ ^^^^ 

jmide (PEI) polyethersulphone (PES , polyi^de (P ), f.^^ly l^ss than about 10 microns. 

Teflon poly(perfluoro-alboxy) fluoropolymer (PFA), poly ^ 

(ether ether ketone) (PEEK), poly(ether ketone) (PEK), ^^"^ ^ ^'^^^^ preferred conductive mate- 
poly(ethylene tetrafluoroethylene) fluoropolymer (PETFE), 30 ^ effective conductor with gc»od enviion- 
and po]y(roe1hyl methacrylate) and various acrylate/meth- stability, up to 90% transmission, and down to 20 
acrylate copolymers (PMMA). Aliphatic polyolefins may ^^"^ resistivity. An exemplaty preferred ITO 
include high density polyethylene (HOPE), low density layer has a % T greater than or equal to 80% in the visible 
polyethylene (LDPE), and polyptopyleae, including ori- regionofhght, that is, fiom greater than 400 ma to 700 nm, 
ented polypropylene (OPP). Cyclic polyolefins may include 35 ^ "^'^ "^eful for display applications, hi a 
poly(bis(cycIopentadiene)). A preferred flexible plastic sub- P^ferred embodunent, the conductive layer comprises a 
stiate is a cychc polyolefin or a polyester. Various cyclic liyf °f temperature ITO, which is polycrj^istalline. The 
polyolefins are suitable for the flexible plastic substrate. J^^^^ preferably 10-120 nm in thickne!;s, or 50-100 
Examples include Arton® made by Japan Synthetic Rubber °™ ^^^^ achieve a resistivity of 20-60 ohms/square on 
Co., Tolg^o, Japan, Zeanor T made by Zeon Chemicals L.P., 40 P^^^^'^' ^ exemplary preferred ITO layer is 60-80 nm thick. 
ToIq'o Japan, and Topas® made by Celanese A. G., Kian- The conductive layer is preferably patterned. The con- 
berg Germany. Arton is a poly(bisCcyclopeutadiene)) con- ductive layer is preferably patterned into a plurality of 
densate that is a film of a polymer. Alternatively, the flexible electrodes. The pattemed electrodes may be uued to form a 
plastic substrate can be a polyester. A preferred polyester is LCD device. In another embodiment, two conductive sub- 
an aromatic polyester such as Aiylite. Although various 45 strates are positioned facing each other and cholesteric 
examples of plastic substrates are set forth above, it should ^i<faid crystals are positioned there between to form a device, 
be appreciated that the substrate can also be fonned from The pattemed fTO conductive layer may havi; a variety of 
other materials such as glass and quartz, dimensions. Exemplary dimensions may include line widths 
The flexible plastic substrate can be remforwd with a hard of 10 microns, distances between lines, that is, electrode 
coating. Typically, the hard coating is an acrylic coating. 50 widths, of 200 microns, depth of cut, that is, thickness of 
Such a hard coating typically has a thickness of from 1 to 1 5 ^TO conductor, of 100 nanometers. ITO thicltnesses on the 
microns, preferably fi-om 2 to 4 microns and can be provided o'^er of 60, 70, and greater than 100 aanometers are also 
by free radical polymerization, initiated either thermally or possible. 

by ultraviolet radiation, of an appropriate polymerizable The display may also contain a second conductive layer 

material. Dqjending on the substrate, different hard coatings 55 applied to the surface of the light modulatitig layer. The 

can be used. When the substrate is polyester or Arton, a second conductive layer desirably has sufficient conductiv- 

particularly preferred hard coating is the coating known as ity to carry a field across the light modulating layer. The 

"Lintec". Lintcc contains UV cured polyester aciylate and second conductive layer may be fonned in a vacuum envi- 

coUoidal silica. When deposited on Arton, it has a surfece ronment using materials such as aluminum, tin, silver, 

composition of 35 atom % C, 45 atom % 0, and 20 atom % 60 platinum, carbon, tungsten, molybdenum, or iidium. Oxides 

Si, excluding hydrogen. Another particularly preferred hard of these metals can be used to darkea pattemable conductive 

coating is the acrylic coating sold under the trademark layers. The metal material can be excited by energy from 

"Terrapin" by Tekra Corporation, New Berlin, Wis. resistance heating, catiiodic arc, electron beam, sputtering or 

The LCD contains at least one conductive layer, which magnetron excitation. The second conductive layer may 

typically is comprised of a primary metal oxide. This 65 comprise coatings of tin oxide or indium tin ctxide, resultii^ 

conductive layer may comprise other metal oxides such as in the layer being transparent. Alternatively, second conduc- 

indium oxide, titanium dioxide, cadmium oxide, gallium tive layer may be printed conductive ink. 
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For higher conductivities, the second conductive layer techniques, such as dip coating, rod coating, blade coating 
may comprise a silver based layer which contains silver only air knife coating, gravure coating and reverse roll coating^ 
or Sliver containing a different element such as aluminum extrusion coating, slide coating, curtain coating, and the like' 
(Al), copper (Cu), nickel (Ni), cadmium (Cd), gold (Au), The liquid crystal particles and the binder are preferably 
zinc (Zn), magnesium (Mg), tin (Sn), indium (hi), tantalum 5 mixed together in a liquid medium to foim a coating 
(Ta), ntamum (Ti), zirconium (Zr), cerium (Ce), silicon (Si), composition. The liquid medium may be a medium such as 
lead (Pb) or palladium (Pd). In a prefeired embodiment, the water or other aqueous solutions in which the hydrophilic 
conductive layer comprises at least one of gold, silver and a colloid are dispersed with or without the presence of sur- 
gold/silver alloy, for example, a layer of silver coated on one factants. A preferred barrier layer may acts as a a as barrier 
or both sides with a thinner layer of gold. See, Int. Publ. No. lo or a moisture barrier and may comprise SiOx, AkSx or ITO. 
WO 99/36261 by Polaroid Coiporation. hi another embodi- The protective layer, for example, an acrylic hard coat 
ment, the conductive layer may comprise a layer of silver functions to prevent laser li^t from penetrating to fimc- 
aUoy, for example, a layer of silver coated on one or both tional layers between the protective layer and the substrate 
sides with a layer of indium cerium oxide (hiCeO). See U.S. thereby protecting both the barrier layer and the substrate. 
Pat. No. 5,667,853, incorporated herein in by reference. i5 The fiinctional layer may also serve as an adhesioct promoter 

The second conductive layer may be patterned irradiating of the conductive layer to the substrate, 
the multilayered conducior/substiate structure with ultravio- In another embodiment, the polymeric suppoit may fiir- 
let radiation so that portions of the conductive layer are ther comprise an antistatic layer to manage unwanted charge 
ablated therefrom. It is also known to employ an infixed build up on the sheet or web during roll conveyar.ce or sheet 
(IR) fiber laser for patterning a metallic conductive layer 20 finishing. In another embodiment of this inv-sntion, the 
overlying a plastic fihn, directly ablating the conductive antistatic layer has a surface resistivity of between 10^ to 
layer by scanning a pattern over the conductor/film stnic- 10'= ohms. Above 10'=^, the antistatic layer typically does 
ture. See: Int. Publ. No. WO 99/36261 and "42.2: ANew not provide sufficient conduction ofcharge to prevent charge 
Conductor Structure for Plastic LCD Applications Utilizing accumulation to the point of preventing fog in photographic 
*AII Dry' Digital Laser Patterning," 1998 SID International 25 systems or from unwanted point switching in lic[uid crystal 
Symposium Digest of Technical Papers, Anaheim, Calif., displays. While layers greater than 10' will prevent charge 
May 17-22, 1998, no. VOL. 29, May 17, 1998, pages buildup, most antistatic materials are inherently not that 
1099-1 101, both mcorporated herein by reference. conductive and in those materials that are more conductive 

In a preferred embodiment, second conductors are printed than 10^, there is usually some color associated with them 
conductive ink such as ELECTRODAG423SS screen print- 30 that will reduce the overall transmission properties of the 
able electrical conductive material from Acheson Corpora- display. The antistatic layer is separate from the highly 
tion. Such printed materials are finely divided graphite conductivelayerof ITO and provides the best static control 
particles in a thermoplastic resin, ITie second conductors are when it is on the opposite side of the web substrate from that 
formed usmg printed inks to reduce display cost. The use of of the ITO layer. This may include the web substrate itself 
a flexible support for substrate layer, laser etched first 35 Another type of functional layer may be a color contrast 
conductors, machine coating polymer dispersed cholesteric layer. Color contrast layers may be radiation reflective layers 
layer, and printing second conductors permit the fabrication or radiation absorbing layers. In some cases, the rearmost 
of very low cost memory displays. Small displays formed substrate of each display may preferably be a'cclor contrast 
using these methods can be used as electronically rewritable layer. The rearmost substrate may also preferably be painted 
transaction cards for inexpensive, limited rewrite applica- 40 black. The color contrast layer may also be othiir colors. In 
^*°^^r u u another embodiment, the dark layer comprises milled non- 

Ahghtabsorbmg second conductor may be positioned on conductive pigments. The materials are milled below 1 
tile side opposing (he incident light. In the fully evolved micron to form "nanopigments". In a preferred embodiment 
focal come state the cholesteric liquid crystal is transparent. the dark layer absorbs all wavelengths of light across the 
passmg incident light, which is absorbed by second conduc- 45 visible light spectrum, that is from 400 nanometers to 700 
tor to provide a black image. Progressive evolution to the nanometers wavelength. The dark layer may aluo contain a 
focal conic state causes a viewer to see an initial bright set or multiple pigment dispersions. Suitable pigments used 
reflected light that transitions to black as the cholesteric in the color contrast layer may be any colored materials, 
material changes from planar state to a fully evolved focal which are practically insoluble in the medium in which they 
come state. The transition to the light transmitting state is 50 are incorporated. Suitable pigments include tho;se described 
progressive, and varying the low voltage time permits van- in Industrial Oi^anic Pigments: Production, Properties 
able levels of reflection. These variable levels can be Applications by W. Herbst and K. Hunger, ] 993, Wiley 
mapped out to corresponding gray levels, and when the field Publisher. These include, but are not limiied to, Azo 
IS removed, light modulating layer maintains a given optical Pigments such as monoa2o yellow and orange, diazo naph- 
state indefinitely. The states are more fully discussed in U.S. 55 thol, naphthol reds, azo lakes, benzimidazolone:, diazo con- 

densation, metal complex, isoindolinone and isoindolinic, 

hi addition to a second conductive layer, other means may polycyclic pigments such as phthalocyanine, qiiinacridone 
be used to produce a field capable of switching the state of perylene, perinone, diketopyrrolo-pyrrole, and thioindigo' 
the liquid crystal layer as descnbed in, for example, U.S. Pat and anthriquinone pigments such as anthrapyrimidine 
Appl. Nos- 20010008582 Al, 20030227441 Al, 60 The fimctional layer may also comprise a dielectric mate- 
20010006389 Al, and U.S. Pat. Nos. 6,424,387, 6,269,225, rial. A dielectric layer, for purposes of the present invention, 
and 6,104,448, all mcorporated herein by reference. is a layer that is not conductive or blocks ithe flow of 

The LCD may also comprise at least one "functional electricity, This dielectric material may include a UV cur- 
layer" between the conductive layer and the substrate. The able, theimoplastic, screen printable material, such as Elec- 
fimctional layer may comprise a protective layer or a barrier «5 trodag 25208 dielectric coatmg from Acheson Corporation 
layer. The protective layer usefril in the practice of the The dielectric material forms a dielectric layer. This layer 
mvention can be applied in any of a number of well known may include openings to define image areas which are 
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coincideat with the openings. Since the image is viewed am were prepared by adding the appropriate amount of a 

through a transparent substrate, the indicia are mirror high twist chiral dopant to the nematic host mixture BL0S7 

imaged. The dielectric material may form an adhesive layer obtained from Merck, Dannstadt, Germany. The CLC com- 

to subsequently bond a second electrode to the light modu- position with CWR at 590 nm also contained 0.^1% weight/ 
lating layer. 5 wei^t (w/w) of the blue absorbing dye Neopen 'KfeUow 057 

The liquid crystal containing composition of the invention from BASF Corporation, 

can be applied by any of a number of well known tech- \a *u a 1 n ■ \ 

niques, such as dip coating, rod coating, blade coating, air ^^vioa I {ImeaXion) 

knife coating, slide (or bead) coating, curtain coating, and ^ dispersion of the CLC composition with CWR at 590 

ljj,g nm was prepared as follows. To 241 grams of distilled water 

After coating, the layer is generally dried by simple was added 3.6 grams of Ludox™ colloidal silica suspension 

evaporation, which may be accelerated by known techniques ^ 7.4 grams of a 10% w/w aqueous solution cf a copoly- 

such as convection heating. Known coating and drying mer of methylaminoethanol and adipic acid. To this was 

methods are described in further detail in Research Disclo- added 108 grams of the CLC composition. The mixture was 

sure No. 308119, Published December 1989, pages 1007 to stirred usiag a Silverson mixer at 5000 rpm. 'It was ±en 

1008. The coating is maintained above the chill set tem- passed through a microfluidizer at 3000 psi. Finally, the 

parature or sol-gel transition temperature of gelatin during resulting dispersion was passed through a 23 jim filter The 

diying of the imaging layer or light modulating layer to droplet size distribution in the dispersion wa> measured 

permit self-assembly of the droplets into a close-packed using a Coulter Counter. It was foimd that tiiemtan size was 

monolayer. 9,7 microns with a coefficient of variation (cv) of 0.14. 

A coated sheet can be formed usii^ inexpensive, efficient 20 ^^^^^ dispereion was mixed with an aqucDUs solution 

layering methods. A suigle large volume of sheet material fisji s}m gelatin from Norland Products luc. having a 

can be coated and formed into vanous types of smaller ^^ight-average molecular weight of 83,800 and a polydis- 

'IT^ ""'^ ?i! transaction cards, 3 4 ^ ^ ^^^^ ^^^^^^^ poly/inylalcohol 

shelf labels, lame format signage, and the like. Displays in 7t>\7aw*, r-r m- /- u ■ t - •* l^ 1 *• 

the fomi of sheits ui accorcW with the niesent invention 25 *^L-05 from Nippon Gohsei Limited), a solution 

me lomi 01 sneets in accoraance witn ine present mventioii 25 ^fj^^^^^ ^ater and a solution of bisfviuylsuifonyl) 

are mexpensive, simple, and fabncated usmg low cost , . on e. uu 1 * ux»v ^uj^iui^juyi^ 

processes methane m water to give a coating composmoji containing 

hi the preferred embodiment, the imaging layer or light l^"'^* material, 4.5% fish skin gelatin, 0.5% PVA, 

modulating layer is first applied and maintained above the ^-O^^ Aerosol OT coatmg aid and 0J% bis(v]nylsulfonyl) 

chill set temperature or sol-gel transition temperature of 30 crosslinker. The composition was spread over a 

gelatin. After drying, the binder in this layer is allowed to plastic support with a thin layer of indium tin oxide (ITO) at 

crosslink to preserve the close-packed monolayer distribu- 37.67 cm^/m^ to give a dry uniform coverage of about 5400 

tion of coated droplets. A second aqueous layer containing mg/m^ of CLC material. The PVA prevented agglomeration 

gelatin is then applied. The coating is chill set prior to drying of the liquid crystal domains during self-a«3embly and 

of the second layer in order to allow the gelatin molecules helped minimize defects in the coating. The plastic support 

'm the second layer to adopt a heJix structure In a preferred (Dupont ST5f)4) with a sputter coated ITO conductive layer 

commercial embodiment, the substrate to be coated is in the (300 ohm/sq resistivity) was obtained from Bekaert. The 

form of a moving web. After completing the manufacture of thickness of the ITO layer is approximately 240 Angstroms, 

a coated liquid crystal sheet material between spaced elec- During the operation, the plastic support was placed over a 

trades, the sheet material can be cut mto a plurality of coating block that was maintamed at room temperature (23*' 
smaller, individual areas for use in various display or other *o c.) and the coating composition was also delivered or 

applications. ^ . , applied at the same temperature. The resulting coating was 

A close-packed monolayer of timform thickness may ^hen dried mider ambient conditions (23- C). The fish 

provide enhanced performance with respect to surface ^ ^ temperature and, thus, had 

roughness. In oonvemional hquid crystal coatings contam- « ^ of drying, 

ing non-umfonn droplets or capsules, the root mean square 45 ^ ^u^^^^l wij^uig. 

(RMS) surface roughness has been measured at about 6 ^ ^ ^^^^^ f f f ^ 

microns. This is a very high value of surface raughness that he»»um-neon laser (Spectra Physics model 15:jA). A screen 

would result in irregular or incomplete curing if a UV was plac«i behind the sample. The distance from the source 

curable screen printed conducive ink is used as the second °^ ''S^* sample was 20.6 cm and the distance 

electrode. The irregular curing will result in increased sample to the screen was 10.5 cm. As shown in 

switching voltages. Furthermore, a surface roughness of this FIG. 1 , the invention coating showed difiraction rings on the 

magnitude will also result in significant non-uniformily of screen caused by Fraunhofer diffiraction of lieiht indicating 

switching voltage across the area of the display since the an ordered close-packed monolayer of CLC <IropIets in the 

switching voltage is directly related to the thickness of the coating, 

coated layer. The self-assembled droplets or domains in the »* u j o ^r- 

present close-packed monolayer demonstrates a RMS sur- Method 2 (Control) 

face roughness of less tiian 1 .5 microns, more preferably less ^ dispersion of the CLC composition with CWR at 540 

than 1 .0 microns and most preferably less than 0.5 microns. ^ prepared as follows. To 172. 1 graras of distilled 

The following examples are provided to ilhistrate the water was added 2.6 grams of Ludox™ colloidal silica 

invention. suspension and 5,3 grams of a 1 0% w/w aqueous solution of 

60 a copolymer of methylaminoethanol and adipic acid. To this 

EXAMPLE 1 was added 77.2 grams of the CLC composition. The mixture 

was stirred using a Silverson mixer at 50(K) rptn. It was then 

This example illustrates the close-packed ordered mono- passed through a microfluidizer at 3000 p£ii. Finally, the 

layer structure obtained accordmg to tiie invention compared resulting dispersion was passed through a 23 jim filter. The 
to the random structure of a control coating. 65 droplet size distribution in the dispersion was measured 

Chiral nematic liquid crystal (CLC) compositions with using a CoulterCounter.lt was found that the mean size was 

center wavelengtfis of reflection (CWR) at 540 nm and 590 9.4 microns with a coefficient of variation (cv) of 0.14. 
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He above dispersion was mixed with an aqueous solution helix structure of gelatin indicating that at least some of the 
of conventtona Type TV cattle gelatin having a weight- gelatin molecules in layer 2 were in the «1 Mk con^ 
averagemolecularwe.^top29^000andapolydi^ersityof figuration. Analysis by laser Ught showed X ±e cC 

ane cixjsslinker. The composition was then spread over a ^^^^nP^n ed on top of layer 2 to complete the construction 
plastic support with a thin layer of indium tin oxide (ITO) to 

give a uniform coverage of about 5400 mg/m^. The plastic lo ^® electro-optic response of the device is shown in FIG. 

support (Dupont ST504) with a sputter coated ITO conduc- ^- horizontal axis is the amplitude of the addressing 

tive layer (300 ohm/sq resistivity) was obtained fitim voltage pulse and the vertical axis is the reflect mce of the 

Bekaert. The thickness of the ITO layer is approximately material measured at 0 volts about 2 se<;onds after 

240 Angstroms. During the operation, the coating block was application of the addressing pulse. The reflectance was 

maintained at a temperature close to room temperature (23° 15 measured using an X-rite 938 spectrodensitometen The 

C.) and the coating composition was delivered or applied at addressing pulse was a square wave with fi-equeucy of 250 

a temperature of45*C. The resulting coating was then dried duration of 100 milliseconds. The open circles 

under ambient conditions (23** C). It should be noted that i^present the response when the material was iniiially in the 

conventional gelatin will chill set at this temperature prior to planar texture and the filled circles represent the response 

the onset ofdrying since the sol-gel transition temperature of 20 material was initially in the focal conic state. A 

conventional gelatin is above room temperature. voltage pulse higher than 70 volts (V4) switched ihe display 

A sample of this coating was inspected using the same reflecting state and a voltage pulse between 44 and 

laser light source under the same conditions as before. As respectively) switched the display into 

shown in FIG. 2, in this case the difEraction pattern is the weakly scattering or dark state. Voltages less ihan VI (8 

distinctly different, indicative of a veiy disordered or ran- 25 influence the state of the display. la this case 

dom coating of the CLC droplets. the quantity Vqm, defined as 2VV(y4-V3), was equal to 1 . 

For a multi-row and column matrix display usiag conven- 

EXAMPLE 2 tional drive it is important that Vqm is greater thjin or equal 

to 1 to ensure maximtmi contrast wifliout cioss-talk 

ims example illustrates the improved electto-optical 

properties of a device fabricated according to the invention Method 2 (Control) 

compared to a control device. A dispersion of CLC material and coating composition 

Method I (Invention) prepared in a manner similar to Method 2 of Example 

A dispersion of CLC material was prepared in a manner ^ ' composition was coated as described under Method 

similar to Method I of Example 1 . 35 ^ of Example 1 . A carbon-based conductive ink (Electrodag 

The dispersion was mixed with an aqueous solution of from Acheson Corporation) was then screen printed 

Type IV cattle gelatin having a weight-average molecular °f coating to create the display device. The 

weight of 117,000 and a polydispersity of 3.7, an aqueous electro-optic response of the device is shown in FIG. 4. In 

solution of polyvinylalcohol(PVA)(typeGL-05 from Nip- ^ voltage pulse higher than 130 volts (V4) 

pon Gohsei Limited), a solution of Aerosol OT in water and 40 display into the reflecting (bright) state and a 

a solution bis(vinyIsulfonyl)methane in water to give a ^^It^ge pulse between 44 and 64 volts (V2 and V3 espec- 

coating composition containing 15% w/w CLC material, tively) switched the display into the weakly scattering or 

4.5% gelatin, 0.5% PVA, 0.07% Aerosol OT and 0.1% state. The contrast ratio defined as the reflectance of the 

bis(vinylsulfonyl)methane. The composition was spread ^"^^ ^^^^ divided by that of the dark state was 15.8. 

over a plastic support with a thin layer of indium tin oxide 43 Voltages less than 14 volts (VI) did not influence the state 

(ITO) to give a uniform coverage of about 5400 mg^m^ of display. Based on these parameters Vqm was only 
CLC material. The coated layer was referred to as layer 1 . 

During the operation, the plasric support was placed over a ^t is clear that the voltage needed to switch the display into 

coating block that was maintained at a temperature of 45* C. reflectmg state was significantly greater than that of the 

and the coating composition was also delivered or applied at 50 "ivention device. Furthermore, the contrast of a multiplexed 

the same temperature. display based on this method may be greatly ir^ferior com- 

The resulting coating was then dried at 45" C. The coating P^red to the method of the invention because of the rela- 

was kept aside for 48 hours to allow the crosslinking of lively low value of Vqm. 
gelatin to go to completion. Analysis of a portion of the 

coating by laser li^t as in Example 1 showed rings due to 55 EXAMPLE 3 
Frauhhofer diffraction of light. Analysis of a second portion 

of the coating by x-ray diffiraction showed a complete Invention 
absence of triple helix structure in gelatin. In other words, 

the gelatin molecules in layer 1 were in a random coil A dispersion of CLC material and coating composition 

configuration. The coating was then placed on a coatmg 60 were prepared as described under Method 1 of Example 1 

block to was maintained at 23- C. A 4% w/w solution of The composition was spread over a plastic support (Dupont 

Tyr^ IV cattle gelatm was then coated over layer 1 at a ST504) with a thin layer of ITO (approximatdv 240 Ans- 

umfonnwet coverage ofabout 28 cm^/m^ This second layer stroms in thickness and 300 ohm/sq resistivi'ty) at 37 7 

was referred to as layer 2. The coating was then dried at cm /m^ to give a uniform dry coverage of about 5400 ma/m^ 
"^TJ^^T'^ ^ l u - . 65 for the CLC material. During the operation, the plastic 

Analysis of a portioii of the coating by x-ray diffraction support was placed over a coating block that was; maintained 

now showed a peak at low angle associated with the triple at 45 C and the coating composition was delivej^ at 23 C 
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within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses. 

Xin. INFRINGEMENT OF U.S. PATENT NO. 7,339,716 

105. On March 4, 2008, the USPTO issued U.S. Patent No. 7,339,716, entitled 
"Transflective Electrophoretic Display Device" (hereinafter "the '716 patent"). A true 
and correct copy of the '716 patent is attached hereto as Exhibit K . 

1 06. ITRI is the owner of all right, title, and interest in and to the ' 7 1 6 patent by 
assignment, with full right to bring suit to ,i enforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 
and income. i! 

107. The '716 patent is valid and enforceable. 

108. All requirements under 35 U.S'IC, § 287 have been satisfied with respect to 
the '716 patent, j 

109. Samsung has been and is infringing the '716 patent by making, using, 
selling, offering for sale, and/or importing in ior into the United States, without authority, 

products that fall within the scope of one or niore claims of the '716 patent, including but 

I 

not limited to Samsung products bearing flat panel displays such as the Samsung Alias 2. 

:i 

110. Samsung has been and is continuing to induce infringement of the '716 
patent under 35 U,S.C. § 271(b) and contributes to the infringement of the '716 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claims of the '716 patent. The infringing 

instrumentalities have no substantial non-infringing uses. 

i 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Page 19 


Case 4;09-cv-041 10-HFB Document 10-5 Filed 1 1/05/09 Page 28 of 30 


US 7,387,858 B2 
29 30 

The resulting coating of the imagiag layer was dried at 45 C. material, the coating was once again examined using the 
All of these temperatures were above the sol-gel transition laser confocal microscope. The corresponding micrograph is 
temperature of the binder. shown in FIG. 10. The coating now shows \^,jll-defined 

The coating of the imaging layer was kept aside for 48 h cavities in areas that were originally occupied by <lroplets of 
to allow the cross-linking of gelatm to go to completion. The 5 the liquid czystal. Note that the crosslinked binder resisted 
coating was then placed on a coating block that was main- dissolution. In other words, cross-linking the binder allowed 
tamed at 30 C. A composition containing 4% Type IV cattle the close-packed structure to be fixed or locked into place 
gelatm, 1 .4% carbon black and 0.1% Aerosol OT in distilled The attached profile shows that die imaging hyer had a 
water was then spread over it using a coating knife with uniform thickness of about 5 microns. 
O.OOS cm gap to constitute the protective overcoat. The lo 

coating was dried at 30 C. For this top layer or protective EXAMPLE 5 

overcoat, the temperature of the coating block and the drying 

temperature were both below the sol-gel transition tempera- Control 
ture of the binder. A silver-based conducting ink was ttien 

screen printed over the dried protective layer to complete 15 This example iUustrates the effect of usmg a polymer latex 
construction of the display device. The electro-optic as the binder material in the imaging layer instead of gelatin, 
response of this device is shown in FIG. 5. A voltage pulse A CLC composition with CWR at 450 nm w;is prepared 
higher than 72 volts (V4) switched the display into the by adding the appropriate amount of a high iwist chiial 
reflectmg state and a voltage pulse between 32 and 44 vohs dopant to the neraatic host mixture BL087 obtained from 
(V2 and V3 respectively) swhched die display into the 20 Merck, Dannstadt, Germany. 

weakly scattering or dark state. The contrast ratio was 33.1 . A dispersion of the CLC composition with ONR at 450 

It is clear that the voltages needed to switch the display nm was prepared as follows. To 166 grams of distilled water 
into the bright state and the dark state were considerably was added 2.6 grams of Ludox™ colloidal silica imspension 
lower than those for the control. and 5. 1 grams of a 1 0% w/w aqueous solution ctf a copoly- 

Furthennore, the contrast ratio was significantly higher 25 mer of methyl aminoethanol and adipic acid. To this was 
intHcating a much unproved display at low voltage. added 74.6 grams of tiie CLC composition. The mixture was 

stirred using a Silverson mixer at 5000 rpm. ::t was then 
EXAMPLE 4 passed through a microfluidizer at 3000 psi. F inally^ the 

resulting dispersion was passed through a 23 jiri filter. The 
Invention 30 droplet size distribution in the dispersion wa:i measured 

using a Coulter Counter. It was found that the me:im size was 

This example illustrates the uniformity of thickness of the 9.4 microns with a coeflBcient of variation (cv) of 0 1 4 
imaging layer usi^ die method of die invention. It is Hie above dispersion was mixed with an atmeous sus- 
preferred that the RMS surface roughness is less than 1.5 pension of polyurethane polymer latex NeoRez R-967 irom 
microns, It IS more preferred that the RMS surface roughness 35 NeoResins, Wilmington Mass., USA and a solution of 
IS less than 1 .0 microns and it is most preferred diat the RMS coating aid Clin 1 0 G in water to give a coating <;omposition 
surface roughness is less tiian 0.5 microns, (reasons for the containing 15% w/w CLC material, 5,0% polymer latex and 
umformity of thickness are in the prior art section). 0.1% Olin 10 G. The composition was spread over a plastic 

A dispersion of CLC matenal and coating composition support widi a thin layer of indium tin oxide (ITO) using a 
were prepared as described under Method 1 of Example J. 40 coating knife widi 0.008 cm gap. TTie plastic support (Su- 
The composition was spread over a plastic support (Dupont pont ST504) with a sputter coated ITD conductive layer (300 
ST504) with a thm layer of ITO (approximately 240 Ang- ohm/sq resistivity) was obtamed from Bekaert The thick- 
stroms m thickness and 300 ohm/sq resistivity) at 37.7 ness of the ITO layer is approximately 240 .'^gstroms. 
cm /m to give a umform dry coverage of about 5400mg/m^ During the operation, the plastic support was placed over a 
tor the CLC matenal. Dunng the operation, the plastic 45 coating block that was maintained at room temperature (23« 
support was placed over a coating block that was mamtained C.) and die coating composition was also clelivered or 
at 45 C and the coating composition was delivered at 23 C. applied at the same temperature. The resulting coating was 
The resultmg coatmg of the unaging layer was dried at 45 C. then dried under ambient conditions (23<* C). llie coating 
All of these temperatures were above the sol-gel transition was then placed on a coating block diat was mjiintained at 
temperature of the bmder. 50 23 C. A composition containing 4% Type IV cattle gelatin 

rhe coatmg of the unaging layer was kept aside for 48 and0.1%Aerosol OTm distilled water was then spread over 
hours to allow tiie crosslmking of gelatin to go to comple- it using a coating knife with 0.008 cm gap to omstimte the 
tion. The surface roughness profile was then obtained using proteaive overcoat. The coating was dried at 2'! C For this 
a Zeiss LSM 510 laser scanning microscope from Cari Zeiss top layer or protective overcoat, the temper^i ture of the 
Microimaging hic, One Zeiss Drive. Thomwood N.Y. 55 coating block and the drying temperaturo were both below 
10594. FIG. 9 shows a micrograph of the coating of the the sol-gel transition temperature of the binder. A carbon- 
nnagmg layer along widi the surface roughness profile. The based conductive ink (ElectrwJag 423SS from Acheson 
roughness profile shows the variation in thickness as a Corporation) was then screen printed over die protective 
limction of distance along a line drawn across the surface of overcoat to complete the construction of the display device, 
the coatmg. From such a profile it is possible to calculate the 60 The electro-optic response of the device is shown in FIG 
root mean square (RMS) surface roughness (see for example 11, The horizontal axis is die amplitude of the addressing 
\^ko iraOOO Set Up and Operation Guide June 2003 voltage pulse and the vertical axis is die reflectance of the 
version 3.01 Veeco hidustnes Inc. 2650 East Elvira Road, CLC material measured at 0 volts about 2 seconds after 
Tuscon Anz. 85706). For this coating die RMS surface application of the addressing pulse. The refi^jctance was 
rou^ess was about 0.4 microns. es measured using an X-rite 938 spectrodensitometer. The 

The coatmg was then immersed m acetone to remove the addressing pulse was a square wave with fi^quency of 250 
liquid crystal material. After removal of the liquid crystal Hz and duration of 100 milliseconds. The cpen circles 
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represmt the response when the materia] was initially in tiie said electronically modulated imaging layer comprises a 

planar texture and the filled circles represent the response close-packed, ordered monolayer of domains of electrically 

when the material was initially in the ibcal conic state. A modulated material in a lixed polymer matrix, 

voltage pulse higher than 138 volts (V4) switched the 2. The high contrast reflective display of claim. 1 wherein 

display into the reflecting state and a voltage pulse between 5 said substrate is flexible. 

64 and 86 volts (V2 and V3 respectively) switched the 3. The high contrast reflective display of clain:^ 1 wherein 

display into the weakly scattering or dark state. Voltages less said substrate is transparent 

than VI (12 volts) did not influence the state of the display. 4 j^^ ^^^^^^ reflective display of claim 3 further 

In this case the quantity Vqm, defined as 2V1/(V4-V3), was comprismg a second substrate. 

equal to 0.46. Once again it is clear ijat the voltage needed 10 5 ^.^ ^^^^^^ ^jj^^^^ ^ ^^^^^^^ j ^^^^.^ 

to switch the display mto the reflecting state was sigmfi- electricTuy conductive layer a surface conductivity of 

cantly greater than that of the inventjon device. Furthermore, j^^^ jq< ohms/sq 

the contrast of a multiplexed display based on fliis method ^^-ruu-u * i a *z ^- ^ x-i-ii.- 

may be greatly inferior compaK^d to the method of the The high contrast reflectve display of clami 1 wherein 

invention because of the relatively low value of Vqm. 15 ^^i^ el«tncally conductve conchictive laye^ 

7. The display of claim 1 wherein said electrically oon- 
EXAMPLE 6 ductive layer comprises polythiophene. 

8. The high contrast reflective display of claim 1 fiirther 
Those skilled in the art will appreciate that the phase- comprising at least a second electrically conductive layer, 

separated polymer domains are established or flie monomer 20 ^^^'^n said at least one close-packed, ordered monolayer 

is polymerized after the emulsion domains have been of electrically modulated material in a crosslinktxl polymer 

formed around the liquid crystal, polymer mixture, hi order matrix is between said at least one electrically conductive 

to obtain at the black-white appearance of the display cell, ^^yer and said second conductive layer, 

the mtrinsic pitch of the cholesteric material is adjusted 9. The high contrast reflective display of claka 1 wherein 

so that nP^ is around 600 nm (from orange color to red 25 3* ^^ast one electrically conductive layer is patterned, 

color), where n is the average refractive index of material. 10. The high contrast reflective display of cla im 1 further 

nP^ determines the limit of the long wavelength side of the comprising a means for applying electrical field across said 

reflection spectrum. at least one close-packed, ordered monolayer of electrically 

A few percent polymer network is dispersed in the liquid modulated material in a fixed polymer matrix, 

crystal material. The polymer concentration is chosen to be 30 11 . The high contrast reflective display of claiui 1 wherein 

about 3%. The polymer concentration should be high said electrically modulating material is a Uquid crystalline 

enough to cause the helical axes of the planar liquid crystal material. 

domains to distribute m a cone of angle around 40°, but be 12 . The high contrast reflective display of clai:oQ 1 wherein 

low enough not to cause too much scattering when the liquid said electrically modulated material comprises a bistable 

crystal is in the weakly scattering focal conic texture. When 35 liquid crystalline material. 

the domains are in the planar texture, the material has a 13, The high contrast reflective display c.f claim 12 

white appearmce, while when the domains are in the focal ^^^^ .^id bistable liquid crystalline material comprises a 

conic texture, the material has a black appearance or what- ^hiral nematic liquid crystal layer. 

ever die color of the absorption layer is. 14. The high contrast reflective display of claim 1 wherein 

Whenapredetermmedvohagevdueisapphedto hecell 40 gaid at least one close-packed, ordered monolayer of elec- 

and then removed to place the hquid crysta^ materia m the ^^^^j modulated material is a hexagonally closest packed 

reflectmg planar texture the hehcal a^^^ monolayer of light modulating material, 

liquid crystal m the polymer domains are oriented along ^ uu * * a ^ j- « ri- 1 u • 

viious (Urections aromd the normal of the cell. Under roorn ^f' "^T"' "^^^T^^'^^T "^'^T ^ "^^T"" 

light conditions, where light is incident on the cell from all 45 !"^^f one close-packed, ordered monolayer of elec- 

dSctions, the light r^fl^ted from diffei^nt domains has tncally modulated matenal has a i^at pattetn or p^od- 

, , 1 -j-ir i icity with a repeat distance of the order of the wavelength of 

different colors because the mcident angles in different . .-' . r 

domains are different. As such, the light observed by a ^^^^^ ~ l." , ^ • . ^ ^ ^ . . 

human eye is an average of the reflection bands centered at A^j^^he high contrast reflective display of clami 1 wherem 

different wavelengths, and has a white appearance. TTieie- 50 ^""^ ^ crosslmked polymer matrix, 

fore, when a voltage is supplied to the cell to drive the liquid *"S^ contrast reflective display of claim 1 wherein 

crystal material into the focal conic texture and then said fixed polymer matrix is not rigid prior to drying, 

removed, the orientation of the helical axes in the domains 18 . The high contrast reflective display of claim 1 wherein 

are essentially parallel to the cell surface. As such, the said fixed polymer matrix is in a random configuration if the 

incident light is either difliacled or scattered in the forward 35 coating is dried at a temperature that is above the sol-gel 

direction and absorbed by an absorption layer at the bottom transition temperature. 

of the display. Since the absorption layer has a black color, 19, The high contrast reflective di^lay of claim 1 wherein 

the polymer domains associated with the focal conic texture said fixed polymer matrix prior to crosslinking has a sol-gel 

appear black. transition temperature or thermal gelation temperature or 

The invention has been described m detail with particular eo ^^^^ set temperature below 23** C. 

reference to certain preferred embodiments thereof, but it 20.Theliighcontrastreflectivedisplay of ckiml wherein 

will be understood ihut variations and modifications can be said fixed polymer matrix prior to crosslinking has a sol-gel 

effected within the spirit and scope of the invention. transition temperature or thermal gelation temperature or 

The invention claimed is: chill set temperature below IC* C. 

1. A high contrast reflective display comprising at least 65 21.Thehighcontrastreflectivedisplay of claim 1 wherein 

one substrate, at least one electrically conductive layer and said electrically modulated material to said fixed polymer 

at least one electronically modulated unagmg layer, wherein matrix ratio is fiom 6: 1 to 0.5: 1 . 


Case 4:09-cv-041 10-HFB Document 10-5 Filed 1 1/05/09 Page 30 of 30 


33 


US 7,387,858 B2 


34 


22. ^le hi^ contrast reflective display of claim 1 wherein drying the at least one applied layer of said domains of 

said electocally modulated material to said fixed polymer electrically modulated material m a polymerZSx at 

"^^V-T^T w^l a ■ ^. , a temperature above the chill set temperature or sol-gel 

said not^^T^t" '^^^^^ ^ tempei^tui^ of said polymer matrix to permit 

said fixed polymer mamx compnses gelatm. 5 self-assembly of said domai^ of electrically modu- 

Jt-^t^^ .^"^ '^^T''^ ^ 'P^'J ^^'^ "^^'^ ^ close-packed monolayer of said 

wherem said gelatm is in a random coil configuration if the domains of electrically modulated material and 

25. Tke high contrast'icfiective display of claim 23 . T^'methToTc^ 

wherein said gelatin is fish gelatin. ^ "^"^^^"^ "^^^"^ ^^r compnsmg: 

26. The high contrast refiective display of claim 25 applymg a second aqueous layer containing gelatin; 
whereiii said fish gelatin is deep water fish gelatin, setting said second aqueous layer containing gelatin; 

27. The high contrast reflective display of claim 23 

wherein said gelatin has lower imino acid content than 15 drying said second aqueous layer. 

^°!ifl^^'^f*"- , , . , 37-Thehighcontrastreflectivedisplayofclaimlwherein 

28/rhe high contrastreflective display ofclaunl wherein said at least one electronically modulated imjiging layer 

said fixed polymer matnx fiirther comprises a hardening fiirther comprises a chiral nematic liquid crystal light modu- 

^^^'-rt. i.' t. ^ . material havmg positive dielectric anisotropy and a 

29. The high contrast reflective display of claim 1 ibrther 20 pitch length effective to reflect light of approxi iiately 600 
compnsmg a protective layer^ nm and a UV curable polymer, whei^in said chiral nematic 

30. The high contrast reflective display of claim 29 Kquidciystallight modulating material and said :jV curable 
wh^ein said protective layer comprises gelatin. polymer cooperate to form focal conic texture and twisted 

31. Ihe hjgh contrast reflective display of claim 30 planar texture that are stable in the absence of a field and 
wherem said gelatm contams molecules in a helix oonfigu- 25 wherein said twisted planar texture is light reflecting and 
■^^1^°' , , ^ appears substantially white. 

32. The high contrast reflective display ofclaiml wherein i« rh^ u:„u ^„„t„<.* ^a^^, j- , ^- 1 • 
said electrically modulated imagmg layer iurther comprises J ■ aT- !!? 1 °^ "^^"^ 
polyvinylalcohol (PVA) compnses wherem said twisted pW texture appears substantially 

33. The high contrastreflectivedisplayofclaiml wherein 30 T}"! . "^it "'"^ ''T' "^^"^^ 
saidatleastoneelect^nicallymoduLedimagmglayerhas -^^P-- - color as the reanr.ost s^^^ 
a RMS surface roughness of less than 1 .5 microns. -m -n. t. - \. 

34. Hie high contrast reflective display of claim 1 com- contrast reflective display of claim 37 further 
prising a stack of at least two of said high contiHst reflective =»'^P"s»ng a color contrast layer, wherein said focal conic 
displays, wherein a stack comprises at least one substrate, at 35 ^^^'^ ^P^^ substantially the same color as said color 
least one electrically conductive layer and at least one contest layer. 

close-packed, ordered monolayer of domains of electrically 40. The high contrast reflective display of claim 39 

modulated material in a fixed polymer matrix. whereui said color contrast layer is black. 

35. Ametiiodofmaking a high contrast reflective display 41. The high contrast reflective display o:f claun 37 
comprising: 40 wherein said UV curable polymer is present in an amount of 

providing a substrate; 3% based on the total weight of said UV curable and said 

applying a conductive layer; chiral nematic liquid crystal light modulating m aterial, 
applying at least one layer of domains of electrically 

modulated material in a polymer matrix; * * * * 
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York, having its principal place of busineiss' at 105 Challenger Road, Ridgefleld Park, 
New Jersey 07660. 

;! 

3. Upon information and belief Samsung Telecommunications Araerica, 

,! 

L.L.C. is, and at all relevant times mentioned herein was, a limited liability company 
organized under the laws of Delaware, having a principal place of business at 1301 East 
Lookout Drive, Richardson, Texas 75082. \ 

4. Upon information and belief, Samsung Electronics Co., Ltd. is, and at all 

,1 

relevant time mentioned herein was, a corporation organized under the laws of Blorea, 

'i 

having its principal place of business at 1320-10, Seocho 2-dong, Seocho-gu, Seoul 137- 
857 Korea, Upon information and belief, Samsung Electronics Co., Ltd. is a nonresident 

;! 

of Arkansas that engages in business in this state, but does not maintain a regular place of 

\ 

business in this state or a designated agent for 'service of process in this state. Sam sung 

] 

Electronics Co., Ltd may be served with process in Korea pursuant to the Hague 
Convention on the Service Abroad of Judicial; and Extrajudicial Documents. Samsung 

Electronics America, Inc., Samsung Telecommunications America, L.L.C, and Samsung 

:i 

Electronics Co., Ltd will be collectively referred to as "Samsung." 

IL JURISDICTION AND VENUE 

5. This is an action for patent infringement arising under the patent laws of 
the United States, Title 35, United States Code. The Court's jurisdiction is proper under 

the above statutes, including 35 U.S.C. § 27* et. seq., and 28 U.S.C, §§ 1331 and 

li 

1338(a). i 

6. This Court has personal jurisdiction over each Defendant. Each 
Defendant has conducted and does conduct business within the State of Arkansas. Each 

i 
1 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Page 2 
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111. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured and has sustained and will continue to sustain 

substantial damages. 1 

ii 

112. Unless Samsung is enjoined by this Court from continuing their 
infringement of the '716 patent, ITRI will suffer additional irreparable hanm and 
impairment of the value of its patent rights, i 

113. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 

prosecution of this action. The circumstances of this dispute create an exceptional case 

II 

within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses; 

XIV. INFRINGEMENT OF U.S. PATENT NO. 7,387,858 

114. On June 17, 2008, the USPTO issued U.S. Patent No. 7,387,858, entitled 
"Reflective Display Based on Liquid Crystal Materials" (hereinafter "the '858 patent"). 
A true and correct copy of the '858 patent is a^ached hereto as Exhibit L . 

115. ITRI is the owner of all right, title, and interest in and to the ' 858 patent by 
assignment, with full right to bring suit to | enforce the patent, including the right to 
recover for past infringement damages and tKe^ right to recover future royalties, damages, 
and income. i 

116. The * 858 patent is valid and enforceable. 

1 17. All requirements under 35 U.SlC. § 287 have been satisfied with respect to 

ij 

the '858 patent. | 

118. Samsung has been and is infringing the '858 patent by making, using, 

i 

selling, offering for sale, and/or importing in or into the United States, without authority, 
Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Page 20 
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products that fall within the scope of one or more claims of the *858 patent, includijig but 
not limited to Samsung products bearing flat jDanel displays such as the Samsung mobile 
telephone Alias 2. :! 

119. Samsung has been and is continuing to induce infringement of the '858 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '858 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claims of the '858 patent. The infringing 
instrumentalities have no substantial non-infringing uses. 

120. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured and has sustained and will continue to ;5ustain 
substantial damages. 

121. Unless Samsung is enjoined by this Court from continuing their 

!i 

infringement of the '858 patent, ITRJ will suffer additional irreparable hannm and 
impairment of the value of its patent rights. \ 

122. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 

ii 

prosecution of this action. The circumstances of this dispute create an exceptional case 

;i 

within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses'^ 

XV. PRAYER FOR RELIEF 
ITRI prays for the following relief: , 
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A. A judgment that each Defendant has infringed and continues to infringe 
each of the patents-in-suit as alleged herein, directly and/or indirectly by way of inducing 
or contributing to infringement of such patents; 

B. A judgment for an accounting of all damages sustained by ITRI as a result 
of the acts of infringement by each Defendant; 

C. A judgment and order requiring each Defendant to pay ITRI damages 
under 35 U.S.C. § 284, including treble damages for willful infringement as provided by 
35 U.S.C. § 284, and supplemental damages for any continuing post-verdict infringement 
up until entry of the final judgment with an accounting as needed, and any royalties 
determined to be appropriate; 

D. A judgment and order requiring each Defendant to pay ITRI pre-judgment 
and post-judgment interest on the damages awarded; 

E. A judgment and order finding this to be an exceptional case and requiring 
each Defendant to pay the costs of this action (including all disbursements) and 
attorneys' fees as provided by 35 U.S.C. § 285; 

F. A preliminary and thereafter a permanent injunction against each 
Defendant's direct infringement, active inducements of infringement, and/or contributory 
infringement of each of the patents-in-suit | as alleged herein, as well as against each 
Defendant's agents, employees, representatives, successors, and assigns, and those acting 
in privity or in concert with them; and 

G. Such other and fiirther relief as the Court deems just and equitable. 

XVL JURY DEMAND 
ITRI hereby demands that all issues be determined by jury. 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - I'age 22 
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[57] ABSTRACT 

A backlight source device with circular arc difELision units 
includes a transparent guide plate with circular arc diffusion 
units on the front or rear surface of the plale. A diffusion 
piece above the guide plate, a reflecting piece below the 
guide plate, and a lateral light source. Therefore, the dark 
and light regions in the backlight source device may be 
removed so that the illumination of the backhght becomes 
stronger and more uniform. 

13 Claims, 5 Drawing Sheets 
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PRIOR ART 
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FIG. 4 
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Defendant, directly or through intermediaries (including distributors, retailers, and 
others), ships, distributes, offers for sale, and sells its products in the United States, the 

State of Arkansas, and the Western District of Arkansas. Each Defendant has 

,1 

purposefully and voluntarily placed one or nipre of its infringing products, as described 
below, into the stream of commerce with the [ expectation that they will be purcha-sed by 

consumers in the Western District of Arkansas. These infringing products have been and 

1 

continue to be purchased by consumers in ^the Western District of Arkansas. Each 

I 

Defendant has committed the tort of patent infringement within the State of Arkansas 

:i 

and, more particularly, within the Western District of Arkansas. 

7. Venue is proper in this Court uhder 28 U.S.C. §§ 1391(b), (c), and (d), as 

well as 28 U.S.C. § I400(b)> in that, on infprmation and belief, each Defendant has 

1 

committed acts within this judicial district giving rise to this action and does business in 

il 

this district, including making sales and/or Jproviding service and support for their 

i 

respective customers in this district. i! 

III. INFRINGEMENT OF U.S. PATENT NO. 6,074,069 

8. On June 13, 2000, the Unite'a States Patent and Trademark Ciffice 
("USPTO") issued U.S. Patent No. 6,074,069^ entitled "Backlight Source Device with 
Circular Arc Diffusion Units" (hereinafter "the 069 patent"). A true and correct copy of 
the '069 patent is attached hereto as Exhibit A . \ 

9. ITRI is the owner of all right, titlb, and interest in and to the '069 patent by 

i 

assignment, with full right to bring suit to enforce the patent, including the right to 

j 

recover for past infringement damages and the right to recover future royalties, damages, 

and income. ] 

I 

1 
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BACKLIGHT SOURCE DEVICE WITH 
CIRCULAR ARC DIFFUSION UNITS 

FIELD OF THE INVENTION 

Hie present invention relates to a backlight source device, 
and especially to a backlight source device with circular arc 
diffusion units. 

BACKGROUND OF THE INVENTION 

The present invention is suitable for use in the fabrication 
of LCDs, backlight displays, backlight plate of slices, adver- 
tisement billboards and the other devices with a backlight 
source device. 

With the improvement of technology, LCDs, backlight 
displays, backlight plate of slices, advertisement billboard 
and the other devices using a backlight source device must 
be used viridely, and thus a backlight source device with 
improved uniform illumination is eagerly demanded. 

A light guide plate 1 in the prior art is shown in FIG. 1, 
which produces a printing pattern of a light guiding plate 1 
of a lateral light source 11. The pattern is formed by a 
plurality of trenches or convex strips, or matrix points, and 
other diffusion units, or a plurality of parallel trenches with 
equal spaces and depths for diffusing and reflecting light of 
a lateral light source. 

The defects of the prior art backlight source device is that 
in printing, the useability of the light of the front face is 
relatively low. Since the angles of all the diffusion units can 
not be changed, the output direction of the diflfusing light can 
not be controlled. 

For example, for straight parallel trenches on the light 
guide plate of a backlight source device, a non-uniform light 
strip will be formed. The light reflected from the area near 
the middle of the radiating area of the lateral light source 11 
is stronger than that farther from the middle, and trenches 
with equal space and depth can cause that the emitted light 
are to be distributed non-uniformly. 

It is difficult to control the output angle of the output light 
from the light guide plate of a backlight source device, 
especially in the two sides of the diffusion unit 12. In the 
place near the two sides of the difEiision units, the angle 
formed by the line between the lateral light source and the 
diflfusion unit and the parallel lines of the difi&ision units can 
not form a vertical projection so that the angle of light output 
can not be well controlled. 

SUMMARY OF THE INVENTION 

Accordingly, the object of the present invention is to 
provide a backlight source device having circular arc diffu- 
sion units so that the light reflected from a lateral light 
source becomes more uniform. 

Another object of the present invention is to provide a 
backlight source device with circular arc diffusion units for 
preventing the formation of dark and light regions by the 
backlight source. 

A fiirther object of the present invention is to provide a 
backlight source device with drculai arc diffusion units, in 
which a simplest design is used to control the light output 
ar^le of the backlight source device and the illumination 
thereof is improved greatly. 

In order to attain the aforementioned objects, the back- 
light source device with circular arc diffusion units in the 
present invention includes a transparent guide plate with 
circular arc diffusion units on the front or rear surface 
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thereof, each circular arc diffusion unit having a reflecting 
surface; a diffusion piece above the guide plate; a reflecting 
piece below the guide plate; and a lateral light source. 

The circular arc diffusion units of the transparent guide 
5 plate are convex or concave diffusion units, and the thick- 
ness of the guide plate is decreased with the distiince to the 
lateral light source for reducing the loss of light energy. 

The circular arc diffusion units are distributed with 
unequal distances. The reflecting surfaces of the circular arc 
■'^ diffitsion units have different heights which are increased 
with the distances to the lateral light source. The cross 
section of the circular arc diffusion units has a V or circular 
arc shape. 

J J The projection area of the diffusion units on the guide 
plate may be increased with the distance to the liiteral light 
source. The projection area of the diffusion units on the 
guide plate may be increased with the distance to the light 
lateral source, the width of the projection area is between 

2Q 0.05 mm~l mm. 

The various objects and advantages of the present inven- 
tion wiU be more readily understood from the following 
detailed description when read in conjunction with the 
appended drawings. 

BRIEF DESCRIPTION OF THE DRAWIl^GS 

FIG. 1 is an elevation view of a prior art backlight source 
device. 

FIGS. 2-6 are the elevation views for different embodi- 
ments of the backlight source device of circular arc diffusion 
units in the present invention. 

FIGS, 7~10 are the lateral cross sectional and schematic 
views for different embodiments of the backlij^ht source 
device of circular arc diffusion units in the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

With reference now to FIGS. 2-9, the backlij^ht source 
^ device of the present invention mainly compris<;s a trans- 
' parent light guide plate 2 made of plastic (Acryl, 
polycarbonate) or glass or from other transparent materials; 

■ a diffusion piece 3 above the light guide plate 2, wherein a 
prism can be added above the light guide plate or the 
diffusion piece; a reflecting piece 4 below the light guide 
plate 2; and a lateral light source 5 which is preferably a 
linear light source. 

' In the present invention, at the front or rear surface of the 

■ transparent Ught guide plate 2, at least one surl^ace has a 
50 plurality of circular arc convex diffusion units 21 (referring 

to FIGS. 7 or 8) or concave diffusion units (referring to FIG. 

: 9). The cross section of each diflftision unit 21 may have a V 
shape (as shown in FIGS. 7 or 8) or circular arc (as shown 

I in FIG. 9) or other proper shape, such as hyperbolic or 

55 eUiptic shapes. The reflecting surfaces 211^11' of the cir- 
cular arc diffusion imits may be smooth or coarse. If the 
surface is a mirror surface, then the diffusion effuct will be 

! reduced. 

Further, in the present invention, the aforeosentioned 
60 plurality of diffusion units are distributed with unequal 

distances (referring to FIG. 8, where D1>D2>D3). 

Preferably, in the present invention, the heiglits of the 
,' diffusion units 21 are increased to the distance with the 
' lateral light source (as shown in FIGS. 7-9). 
65 The circular arc shape of the diffusion units 21 may 
' assume an inverse direction (as shown in FIG. 3), as 

compared to the opposite direction shown in IHG. 2; or 
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distributed along a diagonal line (as shown in FIG. 4), and a dif&jisioa piece above said guide plate; 

may be interlaced by two alternating diffusion units (as a reflecting piece below said guide plate; and 

shown in FIGS. 5 and 6). Other distributions for arranging , a lateral light source. 

the circular arc diffiision units 21 are also included within i 2. The backlight source device with circular arc diffusion 

the spirit of the present invention. 5 units as claimed in claim 1, wherein the circular an: diffusion 

The diffusion units 21 of the transparent guide plate 2 of ^nj^ the transparent guide plate are convex diffusion 

the present invention can be formed by cutting, discharging, units. . , 

etching, laser and other methods. The guide plate 2 can be f backlight source device with circular art; difflision 

made by injection, thermal pressing, extrusion molding, or "i"^ .^^ ^1*.™^, J" f ^' ^^^^^^^^^ ^'"^ 

other method -r c , lo drausion units oi the transparent guide plate an; concave 

diffusion units. 

The projection area of the diffusion units 21 on the guide 4. backlight source device with circular arc; diffusion 

plate 2 may be increased with the distance to the lateral hght , units as claimed in claim 1, wherein said circular arc 

source, a preferred width W is 0.05 mm-1 mm. The thick- diffusion units are distributed with unequal spacer., 

ness of the guide plate 2' can be decreased with the distance 5. The backlight source device with circular arc; dififiision 

to the light source for reducing the loss of light energy, as r u^its as claimed in claim 1, wherein said reflecting surfaces 

shown in FIG. 10. of said circular arc diffusion units have different heights 

The Effect of the Present Invention which are increased with the distances to said lateral light 

1. By the present invention, the reflecting light strength of 1 source. 

the reflecting surface can be increased and the power loss is 6. The backli^t source device with circular art; diffusion 

reduced, thus the average illumination of the backlight units as claimed in claim 1, wherein at least two &;ts of said 

source device is increased. !! circular arc diffusion units are alternatively interlaced on 

2. In the present invention, the central line of the diflftision ' gaid light guide plate. 

units are close to the light source to conveniently control the 7, xhe backlight source device with circular arc diffusion 

light output angle and thus to increase the illumination. , units as claim in claim 1, wherein the cross section of said 

3. The dark and light regions in the backhght source ^- circular arc diffusion units has a V shape, 

device can be removed by the present invention so that the '\ xhe backlight source device with circular arc diffusion 

illumination of the backlight becomes more uniform. units as claimed in claim 1, wherein the cross section of said 

4. The present invention is fabricated easily and there are circular arc diffusion units has a circular arc shape, 
many ways which may be used for producing the present 9. The backhght source device with circular art: diffusion 
invention. units as claimed in claim 1, wherein the projection area of 

In summary, in the present invention, circular arc diffu- > said diffusion units on said guide plate is increased with the 

sion units 21 are distributed on the guide plate 2 for deleting distance to said lateral light source, 

the dark and light regions of the backlight source device so ! 10. The backlight source device with circular arc diffusion 

that the illumination of the backlight area becomes more ^! units as claimed in claun 1, wherein the projection area of 

uniform and the illummation also increases, said diffusion units on said guide plate is increased with the 

Although the present invention has been described with distance to said lateral light source, and the width of the 

reference to the preferred embodiments, it will be under- projection area is between 0.05 mm— 1 mm, 

stood that the invention is not limited to the details described n. The backlight source device with circular an; diffusion 

thereof. Various substitutions and modifications have been units as claimed in claim 1, wherein the thickness of the 

suggested in the foregoing description, and others will occur guide plate is decreased with the distance to said Uiteral light 

to those of ordinary skill in the art Therefore, all such ;; source for reducing the loss of photo energy, 

substitutions and modifications are intended to be embraced ; 12. The backlight source device with circular an; diffusion 

within the scope of the invention as de fined in the appended . units as claimed in claim 1 , wherein said circular a res of said 

claims. _ diffusion units are distributed in an inverse direction around 

What is claimed is: j the same center. 

1. A backlight source device with circular arc diffusion 13. The backlight source device with circular arc diffusion 

units comprising: I units as clauned in cl aim 1, wherein said circular aces of said 

a transparent guide plate with a plurality of circular arc ; diffusion units are distributed along a diagonal line, 

diffusion units on the front or rear surface thereof, each ; 

circular arc difhision unit having a reflecting surfa<:e; 1 ***** 
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[57] 


ABSTRACT 


A backlight source device including a transpf.rent l^ht 
guiding plate, a diGfusing piece on the transp<irent light 
guiding plate, a reflecting piece below the transparent light 
guiding plate and a lateral light source. Diffusing units are 
installed on either a front surface or a rear surface of the 
transparent light guiding plate. The diffusing units have 
respective light guiding surfaces with different aj eas which 
are extendedly and continuously arranged. The light 
reflected on the diffusing units by the lateral light source 
becomes substantially uniform such that light and dark 
regions of a backlight source device can be avoided, llie 
light guidmg surfaces of the backlight source de\ice can be 
formed such that different illuminations of emitted light are 
easily formed and illuminated. 

15 Claims, 4 Drawing Sheets 


Case 4:09-cv-04110-HFB Document 10-1 Filed 1 1/05/09 
U.S, Patent Dec. 26, 2000 Sheet 1 of 4 


Page 12 of 39 


6,164,791 



Case4:09-cv-04110-HFB Document 10-1 Filed 11/05/09 Page 13 of 39 
U.S» Patent Dec. 26, 2000 Sheet 2 of 4 6,164,791 



Case 4:09-cv-04110-HFB Document 10-1 Filed 1 1/05/09 Page 14 of 39 
U,S. Patent Dec. 26, 2000 Sheet 3 of 4 6464,791 



Case4:09-cv-04110-HFB Document 10-1 Filed 11/05/09 Page 15 of 39 
U.S. Patent Dec. 26, 2000 Sheet 4 of 4 6,164,791 



FIG.13 


Case 4:09-cv-041 10-HFB Document 10-1 Filed 1 1/05/09 Page 16 of 2>9 


6,164,791 

1 2 

BACKLIGHT SOURCE DEVICE the diffusing units have an equal or unequal elevations. 

Preferably, the elevations of different light guidir^ surfaces 
BACKGROUND OF THE INVENTION : are incremented with the distance increase to the lateral light 

, „. u , ^. , ^. source. The proiecting area of the diflftising unit on the 

1. Field or the Invention . ^ t -j- i * • ■ * a n a' * 

5 transparent hght guiding plate is incremented as the distance 

The present invention relates to a backlight source device ^^^^ lateral light source is increased. The thickness of 

suitable for a LCD, a display screen, a backlight plate, a ^he transparent light guiding plate may be identical or 

broadcast plate, and other equipment having a backlight increased inversely proportional to the distance tc the lateral 

source device. ligbt source for reducing the light energy loss or the weight 

2. Description of the Prior Art io and volume. The thickness of both sides of the iransparent 
The light guiding plate 1 of a prior art backlight source li^t guiding plate may be identical or increased with the 

device is disclosed in FIGS. 1 and 2. The pattern for guiding j distance to the middle thereof. As a consequence, when the 

lateral light source 11 is a plurality of trenches arranged in transparent light guiding plate are finished in a specific 

parallel formed by printing, or diffusing units formed by ; depth, different projectmg areas of the light guidijig surfaces 

convex strips, or poiat matrix, or a plurality of trenches 15 are extendedly arranged. 

arranged in parallel with equal space and equal depth for The light guiding surface is in parallel to said lateral Ught 

diffusing and reflecting a lateral light source 11. The areas of source or has an angle with the lateral light source. Even two 

all parts of the light guiding surface 12 thereof are identical, , sets of diffusing units are alternatively arranged with differ- 

and therefore, each part has identical illumination. ent angles and crossed over with each other to form a more 

However, the Hght from the front surface of the light 20 uniform backlight effect. The areas of the lig:ht guiding 

guiding plate 1 of the prior art backlight source device is not surfaces increase with the distances to the middle of the light 

often used. Since the areas of all parts of the Ught guiding guiding plate. Thus, different areas of the lig,ht guiding 

surface are identical, and therefore, each part has identical surfares are extendedly formed. The lateral Ught source may 

aiumination. In general, the central portion of the lateral ' be a linear light source or a plurality of Ug;ht sources 

light source 11 has illumination stronger than that of the two 25 arranged in one row. 

sides thereof. Thus, the prior art light diffusng trenches with , The present invention will be better understood and its 

equal depths, height and arranged io parallel will induce a numerous objects and advantages will become apparent to 

non-uniform light distribution of the prior art light guiding those skilled in the art by referencing to the following 

plate 1. Namely, the portion near the central portion of the drawings in which; 
lateral light source 11 has stronger illumination, while the 

two sides of the lateral light source have weaker illumina- ; BRIEF DESCRIPTION OF THE DRAWliNGS 

tion. Itus, "Ught regions" and "dark regions" are formed. ^ ^^^^^ ^f a prior art backlight source 

This is not an ideal circumstance. device. 

SUMMARY OF THE INVENTION ::35 FIG. 2 is a cross sectional view along the line 2 — 2 of 

Accordingly, the object of the present invention is to: . . , j, 

provide a backlight source device, by which the light : ^ ^ perspective view of the embodiment of 

reflected on the diffusing units by the lateral light source i to the present mvention. 

becomes more uniform. FIG. 4 is a cross sectional view along the Lue 4-^ of 

Another object of the present invention is to provide a 

backhght source device, by which, the light regions and dark FIGS. 5 and 6 are two lateral schematic views showing 

regions of a backlight source device are avoided. two different embodiments of die backUght source devices 

A further object of the present invention is to provide a present invention. 

backUght source device, by which a plurahty of Ught guiding 45 FIGS. 7-12 are perspective views of sevei al different 

surfaces of the backUght source device can be formed by a embodiments of the backlight source devices according to 

simple design. Thereby, different iUuminations of emitted - the present invention. 

Ught are easily formed and the illumination thereof is,, FIG. 13 is an upper view of another embodiment of the 

improved greatly. backlight source device according to the present invention. 

In order to achieve the aforementioned objects, a back-. 50 DETAILED DESCRIPTION OF TOE 

hght source device of the present invenUon composes a PREFERRED EMBODIMENT 
transparent hght guidir^ plate; a diffusing piece on the 

transparent Ught guiding plate; a reflecting piece below thd, Some embodiments of the present invention are described 

transparent Ught guiding plate; and a lateral light source. A in the following so that the present invention may be further 

pluraUiy of diffusing units are installed on either front; 55 understood. 

surface or rear surface of the transparent light guiding plate,, with reference to FIGS. 3-6, the backUght s<jurce device 

the diffusing units have respective light guiding surfaces of' of the present invention primarily comprises a transparent 

different areas which are extendedly and continuously light guiding plate 2, a diffusing piece 3, a reflecting piece 

arranged. 4 (as the dashed line shown io FIG. 4) and a lateral l^t 

In the present invention, the transparent Ught guiding 60 source 5. ApluraUty of diffusing units 21 are installed on the 

plate can be formed by injecting, thermal pressing,, rear surface of the transparent light guiding plate 2 (shown 

extrusion, molding, etc. Tlie diffusing units thereon can be in FIGS. 3, 5 and 6). The diffusing units 21 are spaced with 

formed by cutting, discharging, etching, laser cutting, etc: an equal distance and have respective light guiding surfaces 

The diffusing unit has a convex shape or a concave shape. 22 of different areas (the detail is shown in FIG. 4). The 

The lateral cross section of the difl&ising unit has a V shape, 65 diffusing piece 3 and the reflecting piece 4 are installed 

a U shape, or other equivalent shape, and may be distrftiuted above and below the transparent Ught guiding pl ate 2 and the 

with equal or unequal distance. The Ught guiding surfaces of lateral Ught source is a linear Ught source. The area of each 
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10. The '069 patent is valid and enforceable. 

11. All requirements under 35 U.S'.C. § 287 have been satisfied with respect to 
the '069 patent. ] 

12. Samsung has been and is infringing the '069 patent by making, using, 

i! 

selling, offering for sale, and/or importing in or into the United States, without authority, 
products that fall within the scope of one or more claims of the *069 patent, including but 
not hmited to Samsung products bearing flat panel displays such as the Samsung netbook 
NP-N310-KA04US, notebook X460-41S, andjHDTV UN32B6000. 

13. Samsung has been and is continuing to induce infringement of the *069 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the *069 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 

i 

sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claims of the '069 patent. The infringing 
instrumentalities have no substantial non-infringing uses. 

14. Samsung had and continues to 1 have actual knowledge of the '069 patent 

and their coverage of Samsung's infringing instrumentalities, but has nonetheless 

J 

engaged in the infringing conduct. Samsung's infringement of the '069 patent was and 

;'! 

continues to be willful 

,1 

15. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured andl has sustained and will continue to sustain 
substantial damages. \ 

1 
I 

Plaintiff's First Amended Complaint for Patent Infringement and Jury Demand - Pac;e 4 
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light guiding surface 22 is shown in FIGS. 3 or 4, namely, a diffusing piece on said transparent light guiding plate, 

the middle of the transparent light guiding plate 2 serves as said diflftising units are formed as two diffiisitig unit sets 

base and it is enlarged toward the two sides. The larger the which are alternatively arranged on said transparent 

diffusing area, the better the light diffusing effect for com- light guiding plate- 

pensation the we^ light region on the two sides. FIG. 5 5 ^ ^^^^^^^ j^^^ ^Jj^^ transparent Uglit guiding 

shows that the dimising unit 21 tar away from (he lateral plate' and ceo 

light source has a large diffusing area and has a preferred . 

diffusing effect so as to compensate the weak Hght region in ^ lateral light source. 

the farther place. Tbe diffusing units 21 on the front or rear 2. The backlight source device as claimed in claim 1, 

surfaces of the transparent light guiding plate 2 have a lo wherein said diffusing unit has a convex shape, 

convex (FIG. 6) or a concave (FIGS. 3 and 5) shapes. The 3. The backlight source device as claimed in claim 1, 

elevation of the light guiding surface 22 is increased with the wherein said diffusing unit has a concave shape, 

distance to the lateral light source 5. 4. The backlight source device as claimed in claim 1, 

Tlie diffusing units 21 on the FIGS. 3, 5, and 6 have a V wherein said diffusing units are arranged with different 

shape lateral cross section. In FIGS. 3, 5, 6, 7, 8, 9, it is p distances therebetween. 

appreciated that the thickness of the transparent light guid- 5. The backlight source device as claimed in claim 1, 

ing plate 2 is increased inversely proportional to the distance wherein said diffusing units each includes a lateral cross 

to the lateral light source 5 for reducing the light energy loss section with a V shape. 

or the weight and volume thereof . FIGS. 10, 11, 12 show that 6. The backlight source device as claimed in claim 1, 

the thickness from the front side to rear side of the trans- ?0 wherein said diffusing units each includes a lateral cross 

parent light guiding plate 2 is identical. FIGS. 8, 9, U, 12 section with a U shape. 

show the thickness of the transparent light guiding plate 2, ; 7, -j^e backlight source device as claimed ia claim 1, 

wherein the two transverse sides have thickness wider than wherein said diffusing units each includes a proj';cling area 

that in middle. , ^^^j ^^^^ projecting area of each of said diffusing ujjits on said 

no. 3 shows that the light guiding surface 22 is in parallel transparent hght guiding plate is incremented as tne distance 

with the lateral light source 5. HG. 13 shows that the hght from said lateral light source is increased, 

guiding surface 22 has an angle with the lateral light source. : g -phe backh'ght source device as claimed in claim 1, 

Clearly, in FIG. 13, two sets of diffusing units are altema- wherein said Hght guiding-surfaces of said diff jsing units 

tively arranged with different ^gles and crossed over with have different elevations which are respectively incremented 

each other to form a more unifonn backlight effect. ^^^^^^ j^^^^^I ^^^j^^ ^^^^ ^ .^^^ 

As a result, the present mvention has the following 9, jhe backlight source device as claimed in claim 1, 

advantages: wherein said light guiding surface is parallel to said lateral 

1. The illumination of reflecting light in the front surface , ligjjt source. 

is enhanced, the loss is reduced and the average illu- 35 10, The backlight source device as claimed in claim 1, 

mination of the backlight source device is improved. wherein said Ught guiding surface has an angle in alignment 

2. The dark and light regions of the backlight source ; with ±e lateral hght source, 

device are disappeared so that the backlight area is I u. The backlight source device as claimed in claim 1, 

more uniform. wherein said light guiding surfaces include projecting areas 

3. The backlight source device of the present invention is and the projecting areas of said light guiding surfaces 
easily fabricated. increase as the distances from a middle portion of the light 

Although the present invention has been described using ; guiding plate is increased, 

specified embodiment, the examples are meant to be illus- 12. The backlight source device as claimed in claim 1, 

trative and not restrictive. It is clear that many other varia- wherein said transparent Ught guiding plate mcludes a 

tions would be possible without departing from the basic ,45 ^^^^^^^^ thickness of said transparent light guiding 

approach, demonstrated in the present invention Therefore, j^^, ^^^^eases from the distance to said lateral light source. 

aU such vanations are intended to be embraced withm the ^3 ^^^^^ ^^^ ^^^^^ ^^^^ ^ ^^^^^ ^1^^ ^ 

'"m-af il claST transparent light guiding plate includes at \tm 

1. A brcklight'source device, comprising: ' SO ^^o side and the two sides of said transparent light guiding 

' . . ^ . plate each has a thickness greater than that of a central 

a trai^parent hght guiding plate havmg front and rear ^^^^^^ ^^.^ transparent light guiding plate. 

sur races, backlight source device as claimed in claim 1, 

a plurality of diffusing units instaUed on either the front wherein the lateral light source is a linear light source. 

surface or the rear surface of said transparent light 15. The backlight source device as claimed in claim 1, 

guiding plate; wherein the lateral light source is a plurality of light sources 

said diffusing units having respective hght guiding sur- j arranged in one row. 

faces with different areas which are extendedly and' 

continuously arranged; ***** 
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(57) ABSTRACT 

An electrode structure for a liquid crystal display includes a 
layer of pixel electrodes each having a heriingbc ae-shaped 
structure, a passivation layer and a layer of common elec- 
trodes. The pixel electrodes are formed in parallel above the 
common electrodes. The herringbone-shaped stntcture of a 
pixel electrode has a predefined laming angle between 45 
degrees to 90 degrees. The pixel electrode structure allows 
the liquid crystals in the display to rotate in two directions, 
clockwise and counterclockwise, to compensate for the 
color dispersion caused by a wide viewing angle. 

8 Claims, 4 Drawing Sheets 
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ELECTRODE STRUCTUEtE FOR A WTOE provided herein below with appropriate reference to the 

VIEWING ANGLE LIQUID CRYSTAL accompanying drawing?. 


DISPLAY 
HELD OF THE INVENTION 


BRIEF DESCRIPTION OF THE DRAWIMGS 


■ FIG. 1 is a top view showing the electrode stricture of a 

The present invention relates generally to an electrode smgle pixel for a wide viewing angle liquid crystal display 

structure of a liquid crystal display, and more particularly to according to the preferred embodiment of (he prejicnt inven- 

an electrode structuje of a wide viewing angle liquid crj^tal ! tion. 

display. FIG. 2 shows the liquid crystal rotates in twci opposite 

directions according to the electrode structure of i:he present 

BACKGROUND OF THE INVENTION ' invention. 

A large number of liquid crystal display (LCD) panels ,: FIG. 3 shows the cross section along line l-l' and line 

have recently been employed as display devices in electronic 2-2' of FIG. 1 . 

products. The technologies of wide viewing angle liquid 15 FIG. 4 illustrates the brightness distribution in a single 

crystal displays have been disclosed very often in recent pixelof the electrode structure of the present invention when 

years. In a Taiwan patent application No. 88108187 entitled I an electric voltage is applied. 
"Electrode Structure of A Wide Viewing Angle Liquid 

Crystal Display", an electrode structure for providing wide DETAILED DESCRIPTION OF THE 
viewing angle is disclosed. The electrode structure com- 20 PREFERRED EMBODIMENTS 
prises an upper electrode layer having multiple oomb-shaped j ^ ^-^^ ^^^^^^^^^ ^^^^^^^^^ 10^, 
and paraUel conductors on a glass substrate, a lower dec- ^ ^^^^ -^^^ ^ ^j^^j ^^^^ ^ ^ 
trode layer havmg a TN-type conductor and a layer of , ^^^^^^ ^^^^^ embodiment of the 
non-coiiductive insulator formed between the upper and ^^^^^^ inventioQ. Referring to FIG. 1, the upper layer of the 
lower electrode layers. 25 ^ig^trode structure 100 comprises a pluraUty of pixel elec- 
ta the embodiment of the Taiwan patent appUcation, the j trodes IDl each having a herringbone-shaped structure while 
pixel electrodes in the upper layer of the electrode structure the lower layer comprises a common electrode JL02 having 
has a comb-shaped structure while the common electrode in : a plate-shaped structure. The scan signal line region 103 is 
the lower layer has a plate-shaped structure. A layer of , perpendicular to the data signal line region 104 to form a 
negative-type liquid crystal is used to fill the space between 30 pixel. 

the upper and lower^ass substrates of the LCD. The two , ^ ^^^^ ^ ^ ^^^^^^ ^j,,. ^ ^ 

electrode layers are fabricated on the lower glass substrate. s^t^hing device is located near the crossing p^int of the 

The drawback of the electrode structure disclosed in the scan signal line region 103 and the data signal line region 

Taiwan patent application is that the liquid crystal driven by 104 in a single pixel. The scan signal line region 103 and the 

an electric voltage rotates toward one direction. Therefore, 35 ^^^^ ^jg^^j ^^^^^ adjacent to the area where the 

the effect of color dispersion at different viewdng angle limits j pixel electrodes 101 are formed, 

the viewing angle of the LCD and degrades the quality of the thin fikn transistor is an active switching device that 

display. controls the charging and discharging of the pixel electrodes. 

SUMMARY OF THE INVENTION ko addition to the thin film transistor, the active switching 

device may also be a Metal Oxide Semiconductor (MOS) 

The present invention has been made to overcome the transistor, a diode, a Metal-lnsuIator-Metal(MIM) transistor 

above-mentioned drawback of the electrode structure in the ' or a variable resistor according to the invention, 

prior art. The primary object of the invention is to provide 1 jhe following illustrates in detail the electrode structure 

an electrode struchire for a wide viewing angle liquid crystal of a wide viewing angle Uquid crystal display of the present 

display. The electrode struchire has upper and lower elec- ; invention. The electrode structure including a common 

trode layers. The pixel electrode in the upper layer has a : electrode layer, a pixel electrode layer, and a passivation 

herringbone-shaped structure while the common electrode ' layer is formed above a glass substrate. On the top surface 

in the lower layer has a plate-shaped structure. of the glass substrate, there are multiple scan signal lines, 

The liquid crystal display has two separated glass sub- multiple data signal Unes, multiple switching elements, and 

strates between which liquid crystals are filled. Multiple a layer of common electrodes. TTie passivation layer is made 

scan s^nal lines, multiple data signal lines, multiple switch- . of a transparent non-conductive insulator and located 

ing elements, and a layer of coimnon electrodes are fabri- between the common electrode layer and the pixi;! electrode 

cated on the surface of the lower glass substrate. The scan , layer. The passivation layer can be formed by depositing or 

signal lines are perpendicular to the data signal lines in order 55 growing an insulator film on the thin fihn transistor, 

to form a pixel matrix. A passivation layer made of a ;; For every single pixel, the data signal line is located above 

transparent non-conductive insulator is formed between the and perpendicular to the scan signal line. At least 1 switching 

layer of pixel electrodes and the layer of common electrodes. ; element such as a thin fihn transistor 105 is fabricated near 

The herringbone-shaped structure of the pixel electrodes the crossing point of the scan signal line and the data signal 

allows the liquid crystal molecules to rotate in two eo line. The gate terminal of the switching element connects to 

directions, clockwise and counterclockwise. The color dis- the scan signal line, the drain terminal connects to the data 

persion caused by a wide viewing angle is thus compensated signal line and the source terminal connects ti> the pixel 

for. The herringbone-shaped structure also helps to maintain electrode. 

the brightness of pixels. As mentioned above, the pixel electrode has a 

The foregoing and other objects, features, a^ects and ,65 herringbone-shaped structure. Pixel electrodes are formed in 

advantages of the present invention will become better parallel. The turning angle 6 shown in FIG. 2 in the 

understood from a careful reading of a detailed description ; herringbone-shaped structure is within a pre-deiined range. 
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about 45 to 90 degrees. The herringbone-shaped structure of 
the pixel electrodes allows the liquid crystal molecules 201 
to rotate in two directions, clockwise and counterclockwise. 
As shown in FIG, 2, the liquid crystal molecules 201 rotates 
in both clockwise and counterclockwise directions by a 0 
angle. ITie color dispersion-caused by a viewing angle is 
thus coDQpensated for and the effect of color disperaon is 
reduced. 

The heningbone-shaped structure of the pixel electrodes 


FIG. 4 illustrates the distribution of brightness in a single 
pixel of the electrode structure of the present invention when 
an electric voltage is applied. The brightness at tlie middle 
portion 401 of the herringbone-shaped pixel electrode is 
almost zero. However, more than 70% effective transmis- 
sion of hght can be achieved at regions 402, 403, 404, and 
405 riiat are parallel to each other. 

Although this invention has been described witli a certain 


maintains the brightness above the pixel electrodes in the lo of particularity, it is to be understood that the present 


certain range of 0. The intensity is proportional to the square 
of sin 20, therefore, if the turning angle 8 is less than 45 
degrees, the maximal value of 0 is also less than 45 degrees. 
The pixel brightness will not reach its maximum value. 


According to the invention, the electrode pitch in the layer tion as hereinafter set forth. 


disclosure has been made by way of preferred embodiments 
only and that numerous changes in the detailed structure and 
combination as well as arrangement of parts may be restored 
to without departing from the spirit and scope of Lbe inven- 


of pixel electrodes is about 1 to 15 fim and the electrode 
width is about 1 to 10 jum. In the structure of a single pixel, 
the herringbone-shaped pixel electrodes 101 and the com- 
mon electrode 102 both keep a distance from the scan signal 
line region 103 and the data signal line, region 104. They do 
not cross over the scan signal line region 103 and the data 
signal line region 104. 

FIG. 3 shows the cross section along line 1-1' and line 
2-2' of FIG. 1. Along line 1-1' of FIG. 1 is the steps of ^ 
fabricating the thin film transistor, the data line and the scan 
line. Along line 2-2' is the steps of fabricating the pixel 
electrodes 101 and the common electrode 102. 

Referring to FIG. 3, the cross section along line 1-1' of ' 
FIG. 1 illustrates in detail every layer of the structure above 3q 
the sub^rate. A metallic layer of the scan signal line 301 is 
first formed above the glass substrate 303, Then, the glass 
substrate 303 is covered with an insulator layer 304 and an 
island-like region 305 is formed to provide an active layer 
for the thin film transistor. The thin film transistor comprises 35 
at least & gate, a drain, and a source. The gate terminal of the 
thin film transistor connects to the scan signal line 301, the 
drain terminal connects to the data signal line 307 and the 
source terminal connects to the pixel electrodes 306. 


What is claimed is: 

1. An electrode structure of a wide viewing at j^e liquid 
crystal display comprising; 

a scan signal line; 

a data signal line perpendicular to said scan signal line, 
said scan signal line and said data signal line defining 
a pixel area; 

a common electrode in said pixel area; 

a passivation layer above said common electrode; and 

a plurality of pixel electrodes each having a herringbone - 
shaped structure and running substantially in parallel 
with said data signal line above said passiviation layer 
and said common electrode; 

wherein said common electrode has a plate-shf ped struc- 
ture substantially filling said pixel area below said 
plurality of pixel electrodes. 

2. The electrode structure of a wide viewing angle liquid 
crystal display as claimed in claim 1, said herringbone- 
shaped structure having a turning angle ranginji from 45 
degrees to 90 degrees. 

3. The electrode structure of a wide viewing angle liquid 


The present invention forms a layer of plate-shaped 40 crystal display as claimed in claim 1, said plurality of pixel 


electrodes having a pitch ranging from 1 to 15 /.;m and the 
width of each pixel electrode ranging firom 1 to 10 fan. 

4. Hie electrode structure of a wide viewing angle liquid 
crystal display as claimed in claim 1, wherein said common 


common electrodes 306. The plate-shaped common elec- 
trodes 306 can be made of transparent or non-transparent 
conductive materials. The general transparent conductive 

materials may be indium-tin-oxide (ITO), SnO-, N type , 

amorphous silicon film, N type poly-silicon film, P type 45 ^^^^t:LT^L''^^f^'l^.^^^^^ 
poly-silicon film, and ZnO, etc. Non-transparent conductive " " " ' ' ^ « 

material may be other metallic material. The plate-shaped 
common electrodes 306 do not cross over the island-like 
region 305, as shown in FIG. 3. 


phous silicon film, N type poly-silicon film, P type poly- 
silicon fihn, or ZaO. 

5. The electrode structure of a wide viewing angle liquid 
crystal display as claimed in claim 1, wherein said pixel 
.1- • 1 J 1-1 • .11-1 f J . electrodes are made of indium- tin-oxide, SnO^, N-type 

Above the island-like region 305 IS a metalhch f° amorphous silicon film, N type poly-silicon fi:jn, P type 


signal lines 307. A passivation layer 308 is further used to 
cover the substrate. Similarly, the electric contact with the 
data signal line metallic layer 307 can be established by 
forming multiple contact holes outside the pixel region. 

Along line 2-2' of FIG. 1 is the steps of forming the layer 
of pixel electrodes. A layer of herringbone-shaped pixel 
electrodes 309 is fabricated above the layer of common 
electrodes 306 and the passivation layer 308. The 
herrii^bone-sbaped pixel electrodes 309 can be made of 
transparent or non-transparent conductive materials. 

As mentioned above, the structure of the herringbone- 
shaped pixel electrodes preserves the brightness of pixels. 


poly-silicon film, or ZnO. 

6. The electrode structure of a wide viewing angle liquid 
crystal display as claimed in claim 1, wherein said pixel 
electrodes are made of metal material, 

7. The electrode structure of a wide viewing angle liquid 
crystal display as claimed in claim 1, further comprising a 
switching device, 

8. The electrode structure of a wide viewing angle liquid 
crystal display as claimed in claim 7, said switching device 
being a thin film transistor. 
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16. Unless Samsung is enjoined by this Court from continuing their 

i 

infringement of the *069 patent, ITRI will suffer additional irreparable haEm and 
impairment of the value of its patent rights. . 

17. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 
within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses.' 

IV. INFRINGEMENT OF U.k. PATENT NO. 6,164,791 

18. On December 26, 2000, the USPTO issued U.S. Patent No. 6,164,791, 

! 

entitled "Backlight Source Device" (hereinafter "the '791 patent"). A true and correct 

copy of the '791 patent is attached hereto as Exhibit B . 

i 

19. ITRI is the owner of all right, title, and interest in and to the *791 patent by 

i! 

assignment, with full right to bring suit to enforce the patent, including the right to 
recover for past infringement damages and the' right to recover future royalties, damages, 
and income. 1 

20. The '791 patent is valid and enforceable. 

21 . All requirements under 35 U.S.G. § 287 have been satisfied with respect to 
the '791 patent. | 

22. Samsung has been and is infringing the '791 patent by making, using, 

ii 

selling, offering for sale, and/or importing in or into the United States, without authority, 

ii 

products that fall within the scope of one or more claims of the '791 patent, including but 

not limited to Samsung products bearing flat panel displays such as the Samsung netbook 

ii 

NP-N3 10-KA04US, notebook X460-41S, and HDTV UN32B6000. 

ij 

li 
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ABSTRACT 


A fast time-sequential color separator that can fast-switch to 
output various wavelength ranges of lights having high color 
purity and a tiigh contrast ratio, wliich includes: a prism 
module to separate an incident light into various wa^'elength 
iranges of Hght beams which are emitted from varioui; prisms 
of the prism module; a plurality of ferroelectric liquid crystal 
panels, respectively placed on emerging surfaces of the 
various wavelength ranges of light beams, to relied the 
various wavelength ranges of Hght beams to th: prism 
module; and a power supply, respectively connected to the 
plurality of ferroelectric hquid crystal panels, to fast-switch 
the liquid crystal panels, respectively, to sequentially emit 
the various wavelength ranges of light beams from tiie prism 
module. Furthermore, a full color LCD projector can be 
constructed by the color separator, a transmissive or reflec- 
! live fast response display element such as a liquid crystal 
; light valve, and other elements such as micro-mirrsrs, etc. 
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'i 
■i 

23. Samsung has been and is continuing to induce infringement of the *791 
patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '791 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claimls of the *791 patent. The infringing 
instrumentalities have no substantial non-infringing uses. 

24. Samsung had and continues to; have actual knowledge of the '791 patent 
and their coverage of Samsung's infringing instrumentalities, but has nonetheless 
engaged in the infringing conduct. Samsung's infringement of the '791 patent was and 
continues to be willful. 1 

25. As a direct and proximate result of Samsung* s acts of patent infringement, 
ITRI has been and continues to be injured and has sustained and will continue to sustain 
substantial damages. j 

26. Unless Samsung is enjoined by this Court from continuing their 

infringement of the *791 patent, ITRI will suffer additional irreparable harm and 

:l 

impairment of the value of its patent rights. i 

i! 

27. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 

within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 

I 

necessary attorneys' fees, costs, and expenses, j 


!l 
li 
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TIME-SEQUENTIAL COLOR SEPARATOR separation and recorabination. The three FLC paneL; 70, 72 

AND LIQUID CRYSTAL PROJECTOR USING and 74 are controlled by a time-sequential pulse 110 to enut 

THE SAME the light beams of red color, green color and blue i^olor in 
sequence. The switching speed of the field sequential color 
5 projection display system can achieve 0.05 msec. 

BACKGROUND OF THE INVENTION Furthermore, there is substantially no energy loss for the 

light beams of three primary colors since the system is 

1. Field of the InvenUon constnicted by dielectric interference filters. Howerer, the 
The present invention relates to a color separator, espe- alignment of this prior-art system is difEcuIt. 

ciaUy to a time-sequential color separator and a liquid The drawback of the above-described prior arts using 

crystal projector mcluding the color separator. p^C panels is the limitation of contrast ratio when a Hght 

2. Description of the Related Art beam passes through the FLC panel. Therefore, in order to 
Conventional color separators are normally classified into overcome the shortcomings of the prior art, it is important to 

mechanical type and electronic type. The former uses van- increase the contrast ratio of the light valve, as well as the 
ous color filters to mechanically separate color lights from 15 response speed of the FLC panel, 
an incident white light. Such a mechanical type color 

separator normally has a complex structure, a big volume SUMMARY OF THE INVENTION 

andallof the drawbacks due to mechanical movement. The Accordingly, an object of the present invention is to 

latter is constructed by electronic circuits and light valves. provide a fast time-sequential color separator that can be fast 
Thereforethequahty of an electronic type color separator is 20 g^tched to output various wavelength ranges of lights 

related to the response speed of light valve, the having high color purity and high contrast ratio, 
transmittance, the color purity and the contrast ratio. A full color LCD projector can be constructed by tlie color 

A conventional electronic type color separator as dis- separator, a transmissive or reflective fast-response display 

closed in U.S. Pat. No. 4,232,948 by Shanks uses a liquid element such as a liquid crystal light valve, and other 

crystal hght valve, which can change the polarization of a elements sach as micro-mirrors, etc. 

Ught passing therethrough, and a retatder having a^birefrin- i j^^^^^^^ ^^^^^ advantage of non-absorptioii of the 

gence effect to change the observed color of the light passing ^^^^^^^^^^ j^rizer and large aperture ratio, high contrast 

through the device. The transmittance, the switching speed ^^^.^ ^ ^ jj^^ ^^^^^^^ fertcelectric 

andthecolorpuntyobtamedbysuchacolo^^^^ .^^ ^^,tal panel to constitute a three primary color 
desirable. Furthermore, m U.S. Pat. No. 5347,378, Hand- orator. The polarized incident white light is separa ted into 

schy et al. utilize a structure which oombmes a color- ^^^^ ^^^^^ ^^^^^^ • ^^1^^^ ^ ^^^^ ^lo, fi^,^ 

selective filter with a fast-switching hqmd crystal hght ij^ time-sequentially^ontrolled single-pixel reflective FLC 
valve. However, the transmittance and the color purity ^ ^^^^ sequentially reflects the color light beams to a 

obtamed by the color separator are stiU not satisfactory. ^^^^ p^^j ^^^^^^ ^^^^^ frequency of the 

Accordingly, in "High Brightness Saturated Color Shutter display can be larger than 0.15 MHz. The CIE coor- 

Technology," SID Symposium, \bl. 27, p.411, 1996 by dinates of the three primary colors obtained by the color 

Sharp and Johnson and "Retarder Stack Technology for separator of this invention are (x=0.65, y=0.31), (x-0.28, 

Color Manipulation," SID, 1999, by G. D. Sharp and T. R. y^.69) and (x-0.12, y-0.09), respectively. 
Brige, a time -sequential three primary color switch having a ^ ^^^^^^^ applicability of the present invention 

high response speed and a saturated chromaticity, which ^^^^^^ ^^^^^^^^ ^^^i the detailed description given 

combines a polanzation retarder stack (PRS) and a fast- ijjereinafter. However, it should be understood that the 

switching liquid crystal Ughl valve, is disclosed. The device ^^i^i^^ description and specific examples, while in^dicating 

disclosed in U.S. Pat. No. 5,751,380 was developed by p^ferred embodiments of the invention, are given by way of 

ColorLink, Inc., as a commercial product known as «Col- illustration only, since various changes and modifications 

orSwitch a". The relevant description can be referred to in ^^^^^ ^pi^t scope of the invention bill become 

"High Throughput Color Switch for Sequential Color apparent to those skilled in the art from this detailed descrip- 

Projector," SID 2000 Digest, p.96, 2000, by G. B. Sharp, et ^-^^ 
al. 

FIG. 1 Ulustrates the stracture of the color switch dis- 50 BRIEF DESCRIPTION OF THE DRAWINGS 
closed by G. B. Sharp, in which the reference numeral 10 ^^^^^i invention can be more fiilly understood by 

and 20 respectively represent visible light polarizer, the reading the subsequent detailed description in coniunction 

reference numeral 1, 2, 3 respectively represent light valve ^^^^ examples and references made to the accompanying 

units of red color, green color and blue color. Tlie red-color drawings, which are given by way of illustration 0 aly, and 
light valve unit 1 includes a ferroelectric liquid crystal 55 ihus are not limitative of the present invention, and wherein: 
(FLC) panel 100, a front PRS 11 and a rear PRS 12. The ^ ^ ^ ^ .^^^ ^ ^^^.^^ 

green-color light valve unit 2 mcludes an FLC panel 200, a , - j ■„ - .1. 1. , 

front PRS 13 and a rear PRS 14. The blue-color Ught valve 2 is a diagram lUustratmg another pnor-art color 

unit 3 includes an FLC panel 300, a front PRS 15 and a rear separator, 

PRS 16. A time-sequential pulse 400 is respectively con- ^ ^ " t^iagram illustrating a color separator ac oordmg 

nected to the FLC panels 100, 200 and 300 to emit the to one embodiment of this invention; 
polarized red light, green light and blue light in sequence. FIGS. 4A to 4F are spectral diagrams of the dichroic 

Refer to FIG. 2, which is relevant prior art disclosed by 
the inventor and filed as a patent application entitled as 
"FIELD SEQUENTIAL COLOR PROJECTION 65 
DISPLAY", whose application No. is 09/524,051. In this 
prior art, the dichroic prisms 90-95 are used for color 


filters in the prisms of FIG. 3; 

FIG. 5 is a diagram illustrating a color separator ac;oording 
to another embodiment of this invention; 

FIG. 6Ato 6F are spectral diagrams of the dichroic filters 
in the prisms of FIG. 5; 
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FIG. 7 is a diagram illustrating a liquid crystal projector prism 130. When the FLC panel 160 is switch-off, the 

including the color separator of this invention; parallelly polarized blue light Pb is reflected by the FLC 

FIG. 8 is a diagram illustrating another liquid crystal panel 160 and maintains its polarization. The rcBected 

projeclor including the color separator of this invention; and parallel polarized blue light Pb' passes through the prisms 

FiG. 9 illustrates the CIE coordinates for the light beams ' ^. ^^^f I^^. ^^'^^ ^^'^ 

of three primary colors obtained by using the color separator ^"^^^S^ ''^^^^'^^ »P 

of this invention. According to the description above, if a fast pulse voltage 

source is connected to the FLC panels 140, 150 and 160, the 

DETAILED DESCRIPTION OF THE vertically polarized lights of red color, green color and blue 

PREFERRED EMBODIMENT lo color can be sequentiaUy brought out from the right side of 

Referring to FIG. 3, this invention includes a prism P"^'" 

module that is constructed by six dichroic prisms 120, 122, According to another embodiment of this invention, the 

124, 126, 128 and 130, that separate an incident light bto color separator is constructed as shown in FIG. 5, which is 

various wavelength ranges of light beams which are emitted isimilar to the embodiment of FIG. 3. However, the incident 

from various prisms of the prism module; ferroelectric liquid light used in this embodiment is a vertically polariztd white 

crystal panels 140, 150 and 160, respectively placed on light Is. The spectrum of the dichroic prism 220 is ais shown 

emerging surfaces of the various wavelength ranges of light in FIG- 6A. The spectrum of the dichroic prism 222 is as 

beams, for reflecting the various wavelength ranges of light shown in FIG. 6B. The spectrum of the dichroic prism 224 

beams to the prism module^ and a power supply, respectively is as shown in FIG. 6C. The spectrum of the dichroic prism 

connected to the ferroelectric liquid crysUl panels 140, ISO ^° 226 is as shown in FIG. 6D. The spectrum of the dichroic 

and 160, for fast-switching the liquid crystal panels, prism 228 is as shown in FIG. 6E. The spectrum of the 

respectively, to sequentially emit the various wavelength dichroic prism 230 is as shown in FIG. 6F. 

ranges of light beams from the prism module. The spectrum Referring to FIG. 7, the color separator of this invention 

of the dichroic prism 120 is as shown in FIG, 4A. The ^ can be combined with a transmissive liquid crystal display 

spectrum of the dichroic prism 122 is as shown in FIG. 4B. module 170 and a projection lens set 180 to constitute a 

The spectrum of the dichroic prism 124 is as shown in FIG. time-sequential full color liquid crystal projector. Another 

4C. The spectrum of the dichroic prism 126 is as shown in embodiment is as shown in FIG. 8, in which tie color 

FIG. 4D. The spectrum of the dichroic prism 128 is as shown separator is combined with a reflective liquid crystal display 

in FIG, 4E. The spectrum of the dichroic prism 130 is as module 190 and a projection lens 180 to constitute a 


shown in FIG. 4F. 

When a parallel-polarized white light is incident to the 
prism module, the red component Pr of the parallel- 


time-sequential full color liquid crystal projector. 

The CIE coordinates of the light beams of red color, green 
color and blue color of the fuH color liquid crystal projector 


polarized white light passes through the prisms 120 and 122 using the color separator of this invention are plotted in FIG. 
and is incident to the FLC panel 140. When the FLC panel 35 9. In the drawing, the triangular area indicated by the symbol 
140 is switch -on, the parallel-polarized red light Pr 'O" represents the gamut ofthe prior-art color switch called 
(indicated by solid line in the drawing) is reflected and "ColorS witch a", and the triangular area indicated by the 
converts into a vertical-polarized red Hght Sr, which is then symbol "A" represents the gamut of the color sep arator of 
reflected by the prism 122 to pass through the prisms 126 this invention. It is found that the color separator of this 
and 130 and emerges from the prism 130. When the FLC 40 invention can obtain color lights having abetter color purity, 
panel 140 is switch-off, the polarization of the parallel- Compared with the prior arts, this invention has the 
polarized red light Pr is not changed, the parallel -polarized - following advantages- 
red hght Pr is reflected by the PLC panel 140 to ^ ^^^^^^ ^^j!^ ^^^^^ ^ ^ .^ ^^^^ 
the pr^ms 122 and 120. The reflected paraUel-polanzed red '^^^ p^C panels used are reflective liquid crystal 
hght Pr emerges from the pnsm module along the mcident 45 « ic 
optical path. 

. r> J *u ui 4 -nu ...r (ii) the color separator has a simpler structure than that 

The green component Pg and the blue component Pb of ^ ^ . ^ • • , .i 1 l 

,1 1, 1 • J r . 1- • J - ^ J * A *u using a transmissive hquid crystal panel as fihown m 

the paraUelly polarized white light is directed toward the Fir 2 ' 

prism 124 after it is reflected by the prism 120. The * 

parallelly polarized green Hght Pg is reflected by the prism 50 ("0 the manufacturing process is simple since no preci- 

124 to pass through the prism 126 and is then incident to the alignment is required. 

FLC panel 150. When the FLC panel 150 is switch-on, the (iv) the light can be reflected back along the incident 

parallel-polarized green light Pg is converted to a vertical- optical path when the FLC panel is switch-off, 

polarized green light Sg, which is reflected by prism 126 and therefore if is not necessary to use any absorbei (o absorb 

emerges from the prism 130. When the FLC panel 150 is 55 the useless light. 

switch -off, the parallel-polarized green light Pg is reflected Finally, while the invention has been described by way of 

and maintains its polarization. The reflected parallel- example and m terms of the preferred embodiment, it is to 

polarized green light Pg' passes through the prism 126 and ' be understood that the invention is not limited to the 

is sequentially reflected by the prisms 124 and 120 and disclosed embodiments. On the contrary, it is intended to 

emerges from the prism module. go cover various modifications and similar arrangements as 

The blue component Pb of the parallel-polarized white would be apparent to those skilled in the art. Thetefore, the 

hght is reflected by the prism 120 to pass through the prisms scope of the appended claims should be accorded the 

124 and 128, and then incident to the FLC panel 160. When broadest interpretation so as to encompass all such modifi- 

the FLC panel 160 is switch-on, the parallel-polarized blue cations and similar arrangements, 

light Pb is reflected by the FLC panel 160 and is converted 6S What is claimed is: 

to a vertically polarized blue light Sb, which is sequentially 1. A fast time-sequential color-separating device includ- 

reflec^ed by the prisms 128 and 130 to be emerged from the ing a plurality of modules sequentially connected to each 
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other, in which each module includes a dichroic mirror, 
which can pass a certain wavelength range of light having a 
first polarization and reflect the other wavelength range of 
light having a first polarization, a polarizing beam-splitter 
for said certain wavelength range and a liquid crystal panel 5 
that can change the polarization of a light reflected by the 
hquid crystal panel if an external electric field is applied 
thereto, wherein the light having a first polarization reflected 
by the liquid crystal panel is reflected along the incident 
optical path while no external electric field is applied to the lo 
liquid crystal, the light having a first polarization reflected 
by the liquid crystal panel becomes a Ught having a second 
polarization if an external electric field is applied thereto, the 
light having a second polarization is then reflected by the 
polarizing beam splitter and is emitted along a direction that is 
is orthogonal to the incident light, various modules passing 
various wavelength ranges are connected one by one, an 
external electric field is sequentially applied to the liquid 
crystal panel of each module, so that various wavelength 
ranges of lights having a first polarization is turned to lights 20 
havic^ a second polarization and are sequentially emitted 
along the direction orthogonal to the incident Hght. 

2. The color-separating device as claimed in claim 1 
wherein the liquid crystal panel is a ferroelectric liquid 
crystal panel, 25 

3. The color-separating device as claimed in claim 1 
wherein the various wavelength ranges include the wave- 
length ranges of red light, green light and blue light. ' 

4. A fast time-sequential color-separating device includ- 
ing: 30i 

a prism module for separating an incident light into 
various wavelength ranges of light beams which are 
emitted from various prisms of the prism module; 

a plurality of ferroelectric liquid crystal panels, respec- 
tively placed on emerging surfaces of the various 
wavelength ranges of light beams, to reflect the various 
wavelength ranges of light beams to the prism module; 
and 

a power supply, respectively connected to the plurality of 
ferroelectric liquid crystal panels, for fast-switching the 
liquid crjratal panels, respectively, to sequentially emit 
the various wavelength ranges of light beams from the 
prism module, 

5. The color-separating device as claimed in claim 4 
wherein the prism module includes six dichroic prisms. 

6. Hie color-separating device as claimed in claim 4 
wherein the power supply is a continuous pulse source. 

7. The color-separatiD^ device as claimed in claim 4 
wherein the number of the ferroelectric flquid crystal panels 
is 3. 


526 B2 

6 

8. The color-separating device as claimed in claim 4 
wherein the various wavelength ranges include the wave- 
length ranges of red hght, green light and blue ligtt. 

9. The color-separating device as claimed in claim 5 
wherein the dichroic prism is replaced by a dichroic mirror. 

10. A fast time -sequential color-separating liquicJ. crystal 
projector including: 

a prism module that separates an incident light into 
various wavelength ranges of light beams which are 
emitted from various prisms of the prism module; 
a plurality of ferroelectric hquid crystal panels, respec- 
tively placed on emerging surfaces of the various 
wavelength ranges of light beams, to reflect the various 
wavelei^th ranges of light beams to Uie prism module; 
and 

a power supply, respectively connected to the plurality of 
ferroelectric liquid crystal panels, fast-switcliing the 
liquid crystal panels, respectively, to sequentially emit 
the various wavelength ranges of light beams Etom the 
prism module; 
a display module that receives and modulates ihv. various 
wavelength ranges of light beams sequentially emitted 
firom the prism module and then projects modulated 
light beams. 

11. The liquid crystal projector as claimed in claim 10 
wherein the display module is a single panel of transmissive 
liquid crystal Ught valve. 

12. The liquid crystal projector as claimed in claim 10 
wherein the display module is a single panel of I'eflective 
liquid crystal light valve. 

13. The Hquid crystal projector as claimed in claim 10 
wherein the various wavelength ranges include the wave- 
length ranges of red light, green light and blue lij;ht. 

14. The liquid crystal projector as claimed in claim 10 
wherein the prism module includes six dichroic prisms. 

15. The liquid crystal projector as claimed in claim 10 
wherein the number of the ferroelectric liquid crystal panels 
is 3. 

16. The liquid crystal projector as claimed in claim 10 
wherein the power supply is a continuous pulse source. 

17. The liquid crystal projector as claimed in claim 11 
wherein the Hquid crystal light valve is a fercoelec Tic liquid 
crystal light valve. 

18. The liquid crystal projector as claimed in claim 12 
wherein the liquid crystal light valve is a ferroelectric liquid 
crystal light valve. 

***** 
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(57) ABSTRACT 

An apparatus for improving uniformity used in backlight 
module is disclosed, which includes a plurality uf light 
sources for providing an illuminating light; a reflective 
housing adjacent to the light sources for receiving the light 
sources and reflecting the illuminating light; and at least one 
structured arc sheet locating at the periphery of tlie light 
source for making the illuminating light uniform. 
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APPARATUS FOR IMPROVING and more preferably ihe light sources are located between 

UNIK)RMrrY USED IN A BACKLIGHT the light enhancement unit and the reflective housing. The 

MODULE structured arc sheet of toe present invention is preferably 

made of total reflection, transparent, or semi-reflection and 
BACKGROUND OF THE INVENTION 5 semi-transparent materials. The curvature diameter of the 

structured arc sheet is not restricted and is preferably longer 

1. Field of the Invention than the diameter of the CCFL. The structured arc isheet is 
The present invention relates to an apparatus for improv- preferably made of metal, polymethyl methacrylate 

ing uniformity used in a backlight module and, more par- (PMMA), polycarbonate (PC), or glass. Preferably, each of 

ticularly, to an apparatus that provides improved illumina- 10 the light sources of the present invention has two structured 

tion uniformity for a liquid crystal display fl-CD) or a liquid arc sheets at its periphery, and the angle included by the two 

crystal TV. sinictured arc sheets ranges from 30 degrees to 270 degrees. 

2. Description of Related Art The relative position of the two strucmred arc sheels is not 
Currently, there are two types of lighting module for a flat restricted, and could be at the same plane or not. Preferably, 

panel display. One is the back type, and the other is the front 15 the structured arc sheets are at the same plane. The thick- 
type. The backlight module is further classified as a side- nesses of the structured arc sheets could be flie same or 
light (edge-light) type and a directly -under-light (bottom different, as could be the curvatures of the slructired arc 
light) type according to their locations of light sources. The sheets. Preferably, the apparatus for improving uniibrmity 
directly-under-light backlight module is mosfly used in a used in the backlight module of the present invention is used 
stationary product, such as a desktop LCD or an LC TV as 20 in a liquid crystal display (LCD). 

it has a heavy appearance. Because the light source of a Other objects, advantages, and novel feahires of the 
directly-UDder-light backlight module is located right under invention will become more apparent from flie following 
the displaying area, the profile of the light sources easily detailed description when taken in conjtmction v/ith the 
causes a non-uniformity of brightness, shadows, or line accompanying drawings, 
defects to the displaying image. Generally, a light-diffusing 25 

sheet is used to uniformly diffuse the iUuminating light so BRIEF DESCRIPTION OF THE DRAWINGS 

that the shadovre or line defects are blurred. Additionally, 

some light dififusing sheets are mounted with micro particles FIG. 1 is a perspective view of a preferred embodiment of 
having various sizes and densities for refracting or diffusing the backhght module of the present invention; 
the flluminating l^ht as uniformly as possible. However, the 30 i FIG. 2 is a cross-section that iHustrates the pathwjiy of the 
flluminating Ught wiU be absorbed when passing through the illuminating light of the preferred embodiment of the present 
light-diffusing sheet and only about 50% of the original is invention; 

remains, which leads to a low efiedency of Hght utility rate. FIGS. 3a~3c are perspective views of the vanois com- 
Hiercfore, it is desirable to provide an improved an binations of the structured arc sheets of the present inven- 
apparatus for improving uniformity used in a backlight 35 tion; 

module to mitigate and/or obviate the aforementioned prob- FIG. 4 shows the simulation resuU of the preferred 
jgjj^g embodiment of the present invention; and 

FIG. 5 shorn the simulation result of no structured arc 
SUMMARY OF THE INVENTION sheet. 

40 ■ 

The object of the present invention is to provide an DETAILED DESCRIPTION OF THE 

apparatus for improving unifinrmity used in backlight mod- PREFERRED EMBODIMENT 

ule so that the shadows or line defects are prevented from 

appearing, the uniformity and utUity rate of illuminating With reference to FIG. 1, there is shown a peispective 
light are increased, and an improved image quality is 45 view of a preferred embodiment of the present irvention. 
obtained. The liquid crystal display 1 includes a liquid crystal, module 

To achieve the object, the apparatus for improving uni- (LCM) 10 and a backlight module 20. The liquid crystal 
formity used in backlight module of the present invention module 10 is composed of two substrates and a liquid crystal 
includes a plurality of light sources for providing an illu- layer therebetween. The backlight module 20 has a plurality 
minating light; a reflective housing adjacent to the light 50 of light sources 21, a reflective housing 22, and structured 
sources for receiving the light sources and reflecting the arc sheets 23. The light sources 21 are paraUel cold cathode 
illuminating light; and at least one structured arc sheet fluorescent lamps below the liquid crystal module 10 to 
locating at the periphery of the Hght source for making the which the light sources provide flie illuminating light. The 
flluminating light unfform. reflective housing 22 is below the light source:; 21 for 

The Ught source of the apparatus for improving unifor- 55 receiving the light sources 21 and reflecting the illuminating 
mity used in baddight module of the present invention is light. The structured arc sheet 23 may be located at any side 
preferably a light-emitting diode, an electro-luminescent of the light source 21 and between the liquid crystal module 
device, or a cold cathode fluorescent lamp. The arrangement 10 and the reflective housing22. In the present example, two 
of the light sources is not restricted. Preferably, the light reflective structured arc sheets are mounted over each CCFL 
sources are parallel and equally spaced to each other. Pref- 60 for alternating the pathway of the illuminating light and 
erably, the reflective housing of the present invention is making the illuminating light uniform, 
made by stamping or by extrusion. More preferably, the With reference to FIG. 2, there is shown a cross-section 
surface of the reflective housing is coated with a reflecting that illustrates the pathway of the iUuminatiiig light of the 
and diffusing material. The apparatus for improving unifor- preferred embodiment of the present invention. Tte iUumi- 
mity used in the backlight module of the present invention 65 nating light 301 from lamp 30 is reflected by the structured 
preferably fiu-ther comprises a Ught enhancement unit for arc sheets 23 or the reflective housing 22 firsfly, then 
raising the semi-brightness angle of the illuminatmg light, reflected by the reflective housing 22 or the structured arc 
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|i 

V. INFRINGEMENT OF U.S. PATENT NO. 6,411,357 

i 

28. On June 25, 2002, the USPTO issued U.S. Patent No. 6,41 1,357, entitled 
"Electrode Structure for a Wide Viewing Angle Liquid Crystal Display" (hereinafter "the 

*357 patent"). A true and correct copy of the '357 patent is attached hereto as Exhibit C . 

j 

29. ITRI is the owner of all right, tjtle, and interest in and to the *357 patent by 
assignment, with full right to bring suit to enforce the patent, including the right to 
recover for past infringement damages and the right to recover future royalties, damages, 

and income, i 

I 

30. The '357 patent is valid and enforceable. 

1 

31. All requirements under 35 U.S.C. § 287 have been satisfied with respect to 

1 

the '357 patent. | 

li 
i 

32. Samsung has been and is infringing the '357 patent by making, using, 

il 

selling, offering for sale, and/or importing in or into the United States, without authority, 

i 

products that fall within the scope of one or more claims of the '357 patent, including but 

I 

not limited to Samsung products bearing flat panel displays such as the Samsung display 
LN40A630M1F. | 

33. Samsung has been and is continuing to induce infringement of the '357 

II 

patent under 35 U.S.C. § 271(b) and contributes to the infringement of the '357 j^atent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 
sale, and/or importing in or into the United States, without authority, products that fall 
within the scope of one or more claims' of the '357 patent. The infringing 
instrumentalities have no substantial non-infringing uses. 
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sheet 23, respectively, and finally arrives at the regions 100 
and 200. Intuitively, the line defects over the rim of lamp 30 
are avoided. However, the illumination of the region 300 
over the lamp 30 is reduced. Therefore, the parameters of the 
structured arc sheets, such as curvature, shape, thickness, s 
location, or material, etc. are adjusted appropriately to meet 
the requirements. For example, as sho^vn in FIG. 3a, the 
angle 6 included by the two structured arc sheets may range 
from 30 degrees to 270 degrees. The two structured arc 
sheets are at the same plane, and have the same curvature 10 
diameter but different thicknesses, as shown in FIG. 3b. 
Furthermore, the two structured arc sheets may have differ- 
ent curvatures at different planes, as shown in FIG. 3c. The 
light is emitted from the neighboring lamps of lamp 30 and 


a plurality of light sources for providing an illuminating 
light; 

a reflective housing adjacent to the light sources for 
receiving the light sources and reflecting the illiinunat- 
ing light; and 

two structured arc sheets mounted at the periphen' of the 
light source for making the illuminating light ujiiform, 
wherein the angle included by said structured art: sheets 
ranges from 30 degrees to 270 degrees. 

2. The apparatus as claimed in claim 1, wherein (lie two 
strucmred arc sheets are in the same plane. 

3. The apparatus as claimed in claim 1, wheriin the 
structured arc sheet is made of metal, polymethyl methacry- 


then reflected by the structured arc sheets thereof to make up 15 late (PMMA), polycarbonate (PC), or glass. 


the insufficient iUumination of the region 300 over the lamp 
30. Consequently, a uniform illuminating light is obtained 
through the optimum design and arrangement of the struc- 
tured arc sheets. 

Afterwards, the TracePro® simulation software is used to 20 
carry out a simulation of the dispersion of the illuminating 
light. FIG. 4 shows the simulation result of the preferred 
embodiment of the present invention, wherein each CCFL 
has two structured arc sheets at its periphery. Comparatively, 
FIG. 5 illustrates the simulation result of no structured arc 25 
sheet being used. It can be seen clearly from FIGS. 4 and 5 
that the directly-under-light backlight module of the present 
invention has an enhanced uniformity of illtiminaling lights 
no shadows or line defects, and about 70% of utility rate of 
light so that a vast improvement in image quality is obtained. 30 
Furthermore, due to tiie variety of the adjustable parameters, 
such as curvature, shape, thickness, location, or material etc. 
of the structured arc sheets, the displaying performance of 
the liquid crj^tal display may be optimized through appro- 
priate regulating of the aforementioned parameters. 

Although the present invention has been explained in 
relation to its preferred embodiment, it is to be understood 
that many other possible modifications and variations can be 
made without departing from the spirit and scope of the 
invention as hereinafter claimed. 

What is claimed is; 

1. An apparatus for improving uniformity used in a 
backlight module comprising: 


4. The apparatus as claimed in claim 1, whersin the 
apparatus is used in a liquid crystal display. 

5. Hie apparatus as claimed in claim 1 wherein the two 
structured arc sheets are not in the same plane. 

6. An apparatus for improving uniformity used in a 
backlight module comprising: 

a plurality of I^hl sources for providing an illuminating 
Hght; 

a reflective housing adjacent to the Hght sources for 
receiving the light sources and refiectic^ the iUuminat- 
ing light; and 

two structured arc sheets mounted at the peryjhery of the 
light source for making the Ultmiinating light uniform, 
30 wherein said structured arc sheets have different thick- 
ness or curvature. 

7. The apparatus as claimed in claim 6, wherein the two 
structured arc sheets are in the same plane. 

8. The apparatus as claimed in claim 6, wheixiin the 
stmctured arc sheet is made of metal, polymethyl mcthacry- 
late (PMMA), polycarbonate (PC), or glass, 

9. The apparatus as claimed in claim 6, whej-ein the 
apparams is used in a liquid crystal display. 

40 10. The apparatus as claimed in claim 6 wherein the two 
structured arc sheets are not in the same plane. 
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(57) ABSTRACT 

An apparatus for homogeneously distributing lights includes 
a li^t guide plate, an incidence microstructure and an 
emergence microstructure. The incidence microstructure is 
arranged on a surface of the light guide plate and opposite 
to a light source. The emergence microstructure is aiTanged 
on a surface of the light guide plate opposite to the in«:idence 
microstructure. The Hghts emitted by the light source pass 
through said apparatus thereby being homogenously distrib- 
uted. Thus the manufacture costs are lowered, and tlie light 
source utilization ratio is increased. 
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APPARATUS FOR HOMOGENEOUSLY base layer 61 opposite to the separate layer 62. The separate 

DISTRIBUTING LIGHTS layer 62 is used for diffusing the lights. The microstnjcture 

layesr 63 is used for conveigiug the diffused lights. By using 

BACBCGROUND OF THE INVENTION the separate layer 62 and the micnostructure layer <i3, the 

5 lights are homogeneously distributing. However, different 

1. Field of the Invention processes are required in this invention for respectively 
The present invention relates generally to an apparatus for forming the separate layer 62 and the microstructure layer 

homogeneously distributing lights, and more particularly, to 63, thereby increasing tiie manufacture costs. Furthes-more, 

an apparatus for homogeneously distributing lights applied the processes are complicated and not suitable for mass 

to a direct type backlight module. lo prtjduction, and the effect of homogeneously distribufing the 

2. Description of the Related Art lights can not satisfy the images quahty requiremmts of 
Large- scale liquid crystal display (LCD) i s mainly applied consumers. 

to a notebook computer or an LCD monitor. Liquid crystal Referring to FIG. 7, US Pub. No- 20020001055 discloses 
material does not emit light itself. Therefore an external light a backlight module structure 70, which applies resin par- 
source is needed for displaying images. Because of a trend 15 tides to form a light difiusion layer 71. The light diffusion 
of light, tiiin, short and small styles of a light source of a layer 71 diffuses the lights emitted by a backlight source 72 
backlight module, and a requirement for being applied to a with wide-angle. A prism sheet 73 then converges thf lights 
large-scale panel, such as an LCD television (TV), the to achieve an effect ofhomogeneous diffusion. However, the 
backlight module is not only supposed to have the above- backlight module structure 70 comprises so many i;ompo- 
mentioned advantages, but also have other advantages, such 20 nents that leads to a complicated manufacture procijss and 
as high display luminance, broad visual angle, distinct image increases the manufacture costs. Furthermore, the homoge- 
contrast and long life. Therefore, direct type backlight neous diffusion effect and the efficiency of the light utiliza- 
module, which is designed for solving the limitations of low tion can not satisfy the market demands, 
luminance in lateral sides thereof and unhomogeneously Additionally, conventional method also increases the 
distribution of the lights, when used in large-scale panels, is number and the arrangement density of the CCFLs to solve 
takes full advantage of its high display luminance to apply the problems of xmhomogeneously distributing the lights 
direct type linear light source for homogeneously distribut- and of the profiles of the CCFLs being shown on the screen, 
ing Ihe lights; converts the homogeneous lights into area However, the method greatly increases the manufacture 
lights; and Imports the area lights to the illumination area. costs. Furthermore, because of the configure limit£ition, if 
General light source of direct type backlight module is 30 any one of the CCFLs failures, thewholerowof CCFLs will 
cold cathode fluorescemt lamp (CCFL) or light emitting be replaced with a new one. Under the circumstanc3 of the 
diode (LED). The CCFL has properties like high brightness, number of the CCFLs being increased, the chance and 
high efSciency and long life, and has a cylinder-shaped firequency of CCFL failure and replace are correspondingly 
configuration which is easily coupled with light reflection increased. Thus the service life of the whole LCD panel is 
components to form laminal lightuig device. Therefore ihe 35 shortened. 

CCFL has become the mainstream light emergence compo- Thus an improved apparatus applied in the direct type 
nent. However, CCFLs are often arranged in a row and backlight module for homogeneously distributing tilieli^ts, 
disposed at a bottom of an LCD panel, thereby the images efficiently utilizing the light source, greatly Iowej"ing the 
displayed on the LCD are asymmetric in light intensity manufacture costs and meeting the demands of the market is 
distribution because the diffusion angles of the scattered 40 desired, 
lights are usually too large, and the light emergence direc- 
tions are usually disordered. Thus obvious profiles of the SUMMARY OF THE INVENTION 
CCFLs are shown on the screen, which damage the quality 

of the images. Therefore, under the circumstance of direct The prinoaty objective of the present invention is to 
type backlight module being applied, the larger of the 45 'provide an apparatus for homogeneously distributing lights, 

dimension of the LCD panel and ffie greater of the number which efficiently controls the light emergence direction and 

of the CCFLs are used, the more serious of the deficiency of homogeneously distributing the lights, 

black and white stripes shown on the screen occurs. The Another objective ofthe present invention is to provide an 

above mentioned problem is a main bottle-neck in tiie way apparatus for homogeneously distributing lights, which 

of the development of the LCD display quality. 50 improves the light source utilization ratio. 

To solve the above mentioned problem, diffiision com- A fiirther objective of the present invention is to provide 

ponents and prisms are disposed between the CCFLs and the an apparatus for homogeneously distributing lightu, which 

LCD panel to diffuse and then converge the lights. Therefore applies fewer optical fihns, and cuts down the manufacture 

the lights emitted by the CCFLs are diffused, and then the costs. 

diffusion angle is reduced for beii^ efficiently coupled with 55 And yet another objective of the present invention is to 
the LCD panel, thereby homogeneously distributing the provide an apparatus for homogeneously distributing lights, 
lights. However, the above design applies so many optical which is suitable for mass production, 
components as to not easy to be manufactured, and sharply In accordance with the above and other objectives, the 
increase the costs. Furthermore, the effect of homogeneously present invention proposes an apparatus for homog;neously 
distributing tfie lights of the design is finite, and not the best 60 distributing lights. The apparatus includes a light guide 
solution to solve the problem. plate, an incidence microstructure and an emergence micro- 
Referring to FIG. 6, U.S. Pat. No. 6,280,063 discloses a structure. The incidence microstructure is arranged on a 
multi-layer brightness enhancement article 60 for enhancing surface of the light guide plate and opposite to a liglLt source, 
the on-axis luminance of a diffuse lighting device. The The emergence microstructure is arranged on a surface of 
brightness enhancement article 60 comprises a base layer 61, 65 the light guide plate opposite to the incidence microstruc- 
a separate layer 62 plated on the a bottom of the base layer ture. The lights emitted by the light source pass ffunugh said 
61, and a microstructure layer 63 arranged on a side of the apparatus thereby being homogenously distributed . 
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34. Samsung had and continues to have actual knowledge of the '357 patent 
and their coverage of Samsung's infringing instrumentalities, but has nonetheless 
engaged in the infringing conduct. Samsung's infringement of the *357 patent was and 

i 

continues to be willful. ] 

35. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRl has been and continues to be injured and has sustained and will continue to sustain 
substantial damages. { 

36. Unless Samsung is enjoined by this Court from continuing their 
infringement of the '357 patent, ITRI will suffer additional irreparable harm and 
impairment of the value of its patent rights. | 

37. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances of this dispute create an exceptional case 

within the meaning of 35 U.S.C. § 285, and ITRI is entitled to recover its reasonable and 

I 

necessary attorneys' fees, costs, and expenses. | 

1 

VI. INFRINGEMENT OF U.S. PATENT NO. 6,768,526 

38. On July 27, 2004, the USPTO ^issued U.S. Patent No. 6,768,526, entitled 
"Time-Sequential Color Separator and Liquid Crystal Projector Using the Same" 
(hereinafter "the *526 patent"). A true and correct copy of the '526 patent is attached 

hereto as Exhibit D . ; 

II 

39. ITRI is the owner of all right, titlle, and interest in and to the *526 pattmt by 
assignment, with full right to bring suit to enforce the patent, including the right to 
recover for past infringement damages and the: right to recover future royalties, damages, 

and income. j 

I 
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The apparatus can be applied to a backlight module of a 10. The light guide plate 10 comprises an incidence jurface 
liquid crystal display (LCD) panel. The incidence micro- 11 and an emergence surface 15. The incidence surfa.:e 11 is 
structure and emergence microstructure are manufactured by arranged opposite to the CCFI^ 20. Lights emitted by the 
ultra-precision machining or micro-electio-mechanical sys- CCFLs 20 subsequently pass through the incidence surface 
tern (MEMS). The incidence microstructure or emergence 5 11, the main body of the light guide plate 10 End the 
microstructure is one of the continuous and discontinuous emergence surface 15, and then emit to an adjaceni liquid 
honeycombed, circular, irregular or circular dot structure, or crystal display (LCD) panel (not shown) for displaying 
of a micro lens array structure, or any one of said structure images. 

incorporating a plurality of micro particles. The guide light The incidence surface 11 and the emergence surface 15 
plate having a refractive index greater than the outside lO respectively define a pliirality of interlaced first areas 12 and 
environment is made of a light transmitting polymer mate- second areas 13. The first areas 12 of the incidence surfece 
rial and semi light transmitting polymer material. The light 11 and the emergence surface 15 correspond to the CCFLs 
source is a plurality of parallel cold cathode fluorescemt 20. The second areas 13 of the incidence surface 11 jind the 
lamps (CCFLs). emergence surface 15 correspond to the spaces sand wiched 

The emergence microstmcture of the emergence surface 15 between the CCFLs 20. Each first area 12 defines an 
is designed for damaging total reflection of the hghts in the incidence microstructure 30. Each second area 13 deBnes an 
light guide plate, thereby the lights experienced at least one emergence microstructure 35. When the Hghts emitted by 
time total reflection pass through the emergence surface die CCFLs 20 pass through the incidence micro stm<;ture 30 
where does not correspond to the light source, and emit to and enter flie light guide plate 10, the lights are si:attered 
the outside mviionment environment. Thus the directions of 20 with wide-angle, thereby occurring total reflectioii in the 
the lights passing through the incidence microstructure of light guide plate 10. After at least one time total reflection in 
the incidence surface are changed, accordingly, the lights are the light guide plate 10, the lights emit to the outsicte 
homogeneously distributed, and further the light source environment through the emergence microstructiires 35. 
utilization ratio is increased. That is, by applying the incidence microstructuies 30 and the 

15 emergence microstructures 35, the lights emitted by the 
BRIEF DESCRIPTION OF THE DRAWINGS CCFLs 20 are not only emitted through the first areas 12 of 

the emergence surface 15, but also through tfie secojid areas 
The drawings included herein provide a ftirther under- 13 of the emergence surface 15 to the outside envirDnment. 
stant^g ofthe invention. Abrief description of the drawings Thus the Hghts generates by the CCFLs 20 are tomoge- 
is as follows: jo neously distributed. 

FIGS. 1 A and IB are schematic views of an apparams for More specifically, the light guide plate 10 is made of 
homogeneously distributing lights applied in a backlight transparent polymer material having a low light absorbency, 
module in accordance with a preferred embodiment of the or of light transmitting polymer material, or alternately of 
present invention; semi light transmitting polymer material. Said materials 

FIG. 2 is a schematic view of light passage of the 35 have a refractive index greater than that of the outside 
apparatus of FIGS. lA and IB; environment (such as the air) where the CCFLs 20 are 

FIG. 3A is a light intensity distribution chart of a con- located, thereby increasing the chance for occurring total 
ventional backlight module; reflection inside the light guide plate 10. The thickness of the 

FIG. 3B is a light intensity distribution chart of the light guide plate 10 (i.e. the distance from the incidence 
backlight module applying the apparatus of FIG. 1 A and/or 40 surface 11 to the emergence surface 15) can be adjusted 
FIG. IB; according to tie requirement and design. In a t ijcklight 

FIG. 4 is an alternative embodiment of the apparatus for module, the thickness of the light guide plate 10 is; usually 
homogeneously distributing lights of the present invention; in a millimeter (mm) scale. The incidence microsKruetures 
FIG. 5 is still an alternative embodiment of the apparatus 30 and the emergence microstructures 35 are manr factured 
for homogeneously distributmg lights of the present inven- 45 by ultra-precision machining or micro-electro-mechanical 
tion; system (MEMS). In the present embo(^ment, tht! section 

FIG. 6 is a schematic view of a conventional multi-layer view of the incidence microstructure 30 or the emeigence 
brightness enhancement article disclosed in U.S. Pat. No. microstructure 35 is a longitudinally arranged continuous 
6,280,063; and zigzag structure having a triangle section along tiie CCFLs 

FIG. 7 is a schematic view of a conventional backlight 50 20. The configuration of the incidence microstinicture 30 or 
module structure disclosed in US Pub. No. 20020001055. the emergence microstructure 35 can be designed as a 

circular structure, a circular dot structure, or an irregular 
DETAILED DESCRIPTION OF THE sUaicture; or the angle, height, arrangement density or the 

PREFERRED EMBODIMENT like thereof can be various according to diflFerent specifica- 

55 tions or requirements; or a plurality of micro particles can be 
Embodimentsof an apparatus for homogeneously distrib- mixed therein. Therefore, die passages of the lights are 
uting lights 1 (this is referred to simply as "apparatus") of changed for improving the total reflection conditi'sn of the 
the present invention will now be explained in detail with light guide plate 10. Chance for occurring total reflection is 
reference to the drawings. increased because the incidence angles of the lights, entering 

Referring to FIGS. lA and IB, schematic views of the 60 into the light guide plate 10 through the incidence micro- 
apparatus 1 applied in a backli^t module in accordance stioicture 30 are more hkely greater than the corresponding 
with a prefen-ed embodiment of the present invention are critical angle. Consequently, by properly choosing the mate- 
shown, wherein the FIG. IB is a side view of the FIG. lA. rial and the refractive index of the light guide plate 10, and 
The apparatus 1 is disposed on a surface of a main body of the location and configuration of the incidence microstruc- 
a backlight module 5. The backlight module 5 comprises a 65 tures 30, the probabihty for the incidence lights occurring 
plurality of parallel cold cathode fluorescemt lamps total reflection is greatly increased. Furthermore, by prop- 
(CCFLs) 20. The apparatus 1 comprises a light guide plate erly choosing the location and configuration of tJie emer- 
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gence micrxjstructures 35, the probability for the lights 
entesring into outside environment through the second areas 
13 of the emergence svirface IS is greatly increased. 

Referring to FIG. 2, passages of the lights emitted by the 
CCFLs 20 are further illustrated (illustrated with the lights 5 
emitted fiwm only one CCFL). The lights pass through the 
incidence microstructure 30 of the first area 12 of the 
incidence surface 11, and enter into the Hght guide plate 10. 
Part of the lights occur total reflection in the light guide plate 
10, and transmit along the light guide plate 10. Said Ughts lO 
occurring total reflection then pass through the emergence 
microstructure 35 which breaches the total reflection con- 
dition of the light guide plate 10, and then emitted to the 
outside environment through the second area 13 of the 
emergence surface 15. Therefore, the hghts emitted from the 15 
first area 12 of the emergence surface 15 are greatly 
decreased, and the lights emitted from the second area 13 of 
the emergence surface 15 are correspondingly greatly 
increased. Thus the lights emitted from the whole light guide 
plate 10 are homogeneously distributed, the deficiency of 20 
profiles of the CCFLs 20 shown on the LCD screen of prior 
arts is eliminated. 

Referring to FIG. 3 A, a light intensity distribution chart of 
the CCFLs of conventional backlight module is illustrated. 
As can be seen, the light intensity is unhomogeneously 25 
distributed. Referring to FIG. 3B, a light intensity distribu- 
tion chart of the CCFLs of present invention is illustrated. As 
can be seen, compared with FIG. 3A, the light intensity is 
substantially homogeneously distributed. By applying the 
incidence microstructures 30 and the emergence microstruc- 30 
nires 35 to the light guide plate 10, the Hght energy density 
emitted through the first areas 12 of the emergence surface 
15 is greatly decreased, and correspondingly, the light 
energy density emitted through the second areas 13 of the 
emergence surface 15 is greatly increased, thereby formmg 35 
the light intmsity distribution shown in FIG. 3B. The 
apparatus 1 of the present invention is thus homogeneously 
distributing the li^ts, simultaneously, die light source uti- 
lization ratio is increased, the manufacture processes are 
simplified, and the manufacture costs are lowered. 40 

The foregoing detail description is only a preferred 
embodiment of the present invention, in which, the inci- 
dence microstructures 30 and emergence microstructures 35 
are designed as a continuous shape. However, other struc- 
tures which can achieve an effect of light difiusion or light 45 
total reflection also can be applied to the present invention, 
the best dimension and designed configuration of the struc- 
ture can be various in accordance with the specification of 
the backUght module and the LCD panel, or of the distance 
from the plurality of CCFLs 20 to the light guide plate 10. 50 
Additionally, the feature of the present invention is that the 
first areas 12 of the incidence surface 11 of the light guide 
10 define the incidence microstructures 30 for occurring 
total reflection, whether or not the emergence microstruc- 
tures 35 are defined in the emergence surfece 15 does not 55 
enormously influence the effect of lights homogeneously 
distributed. Besides the embodiments disclosed above, other 
embodiments, such as the emergence surface 15 defines (he 
emergence microstructures 35 in all the areas thereof, or the 
emergence surface 15 does not define the emergence micro- 60 
structures 35 therein, can also be applied in the present 
invention. 

Referring to FIG. 4, an alternate embodiment of an 
incidence microstructure 40 (corresponding to the incidence 
microstructure 30) and an emergence microstructure 45 65 
(coiresponding to the emergence microstructure 35) of the 
present invention is illustrated. The incidence microstructure 
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40 and emeigence microstructure 45 are designed £is dis- 
continuous microstructures, and defined in the first areas 12 
of the incidence surfece 11 and the second areas 13 of the 
emergence surface 15 by MEMS. The incidence mictt>struc- 
ture 40 or emergence microstructure 45 comprises a plural- 
ity of evenly spaced teeth for changing the critical angle of 
total reflection of the Hghts entering the light guide plate 10, 
and fiirther for homogeneously distributing the lighr s. FIG. 
5 illustrates another alternate embodiment of an emergence 
microstructure 50 of the present invention. The emeigence 
microstructure 50 is an uninterrupted micro lens array which 
is arranged on the emergaice surface 15 for changing the 
condition of total reflection of the lights entering tlie light 
guide plate 10, and further for homogeneously distnbuting 
the li^ts. The emergence microstructure 50 can be shaped 
as one of the honeycombed structure, circular dot structure 
and irregular structure, or any one of said structur? incor- 
porating micro particles. 

The above embodiments of the apparatus 1 are described 
as being applied to a direct type backlight module, whereas 
the apparatus 1 can also be applied to other device whose 
lights emitted from a light source need to be gidded or 
distributed to other structures. Furthermore, the light source 
of the present invention is not limited as the CCFLs 20, but 
can be any type of light source whose lights directions can 
be controlled by various incidence microstructures or emer- 
gence microstructures. 

Conclusively, the apparatus 1 of the present invertion can 
homogeneously distribute lights, improve light source uti- 
lization ratio; reduce the usage of optical films, h>wer the 
manufacture costs and be applied to mass product:, on. 

It should be apparent to those skilled in the art that the 
above description is only illustrative of specific embodi- 
ments and examples of the invention. The invention should 
therefore cover various modifications and variations made to 
the herein-described structure and operations of tte inven- 
tion, provided they fall within the scope of the invention as 
defined in the following appended claims. 
What is claimed is: 

1. An apparatus for homogeneously distributir.g lights, 
comprising 

a single-layered light guide plate comprising an incidence 
surface and an emergence surface each of which 
defines a plurality of interlaced first areas and second 
areas, wherein each of the first areas is smaller than any 
of the second areas; 
an incidence microstructure being arranged or, tiie first 
areas of the incidence surface of tiae light guide plate 
and directly in front of and opposite to a liglit source; 
and 

an emergence microstructure, the emergence microstruc- 
ture being arranged on the second areas of "he emer- 
gence surface of the light guide plate opposite to the 
incidence microstructure; 
wherein light emitted by the light source passes through 
said apparatus thereby being homogeneously distrib- 
uted. 

2. The apparatus as claimed in claim 1, wherein the 
incidence microstructure is a continuous structure or a 
discontinuous structure having a triangle cross-S(«tion and 
longitudinally anranged along the light source. 

3. The apparatus as claimed in claim 1, wherein the 
emergence microstructure is a continuous structure or a 
discontinuous structure having a triangle cross-section and 
longitU(^nally anranged along the light source. 

4. The apparatus as claimed in claim 1, wlierein the 
emergence microstructure is a micro lens array structure. 
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5. The apparatus as claimed in claim 4, wherein the micro 
lens array structure is a structure selected from the groups 
consisting of honeycombed structure, circular dot structure 
and irregular structure. 

6. The apparatus as claimed in claim 1, wherein the light 
source is a plurality of lamp. 

7. The apparatus as claimed in claim 1, wherein the light 
guide plate is made of one of a light transmitting polymer 
material and a semi light transmitting polymer material. 

8. The apparatus as claimed in claim 1, wherein the 
apparatus is applied to a backlight module of an LCD panel. 
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9. The apparatus as claimed in claim I, when;in the 
incidence microstructure is comprised of a plurality of 
straight grooves. 

10. The apparatus as claimed in claim 9, wherein the 
emergence microstructure is comprised of a plurtiity of 
straight grooves. 

11. The apparatus as claimed in claim 1, wherein the 
emergence microstructure is comprised of a pluriJity of 
Straight grooves. 
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ABSTRACT 


A luminaire with reflector of negative focal length is dis- 
closed, which comprises a light source and a luaiinaire 
screen having a reflector of negative focal length, a side 
screen and a plate; wherein the reflector of negati\'e focal 
length is capable of reflecting the upward-incident rays 
emitted fiom the light source; and the side screen is capable 
of reflecting the sideward-incident rays emitted fi'om the 
light source and the reflected rays of the reflector, and the 
plate being disposed at the lower portion of the Juininaire 
screen beneath the light source has a plurality of micro- 
structures arranged thereon and is capable of accepting the 
rays of the downward incident area along with both the 
reflected rays of the reflector and the side screen so as to 
diffijse the same for discharging- By the luminaire screen of 
the invention, the rays emittmg from the light source of the 
luminaire are reflected and directed to a preferred discharg- 
ing area so as to enable the rays to be dischaiged o Jt of the 
luminaire by laige angles for reducing glare. 

16 Claims, 7 Drawing Sheets 
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40. The *526 patent is valid and enforceable. 

41 . All requirements under 35 U.SlC. § 287 have been satisfied with respect to 
the '526 patent. ! 

42. Samsung has been and is infiringing the '526 patent by making, using, 
selling, offering for sale, and/or importing in or into the United States, v^ithout authority, 
products that fall within the scope of one or niore claims of the '526 patent, including but 

not limited to Samsung video projectors. j 

II 

43. Samsung has been and is continuing to induce infringement of the '526 

ii 

patent under 35 U.S.C. § 271(b) and contribiites to the infringement of the *526 patent 
under 35 U.S.C. § 271(c), in conjunction with such acts of making, using, offering for 

sale, and/or importing in or into the United States, without authority, products that fall 

j 

within the scope of one or more claims of the '526 patent. The infringing 
instrumentalities have no substantial non-infritiging uses. 

44. As a direct and proximate result of Samsung's acts of patent infringement, 
ITRI has been and continues to be injured and has sustained and will continue to s ustain 
substantial damages. \ 

45. Unless Samsung is enjoined! by this Court from continuing their 
infringement of the '526 patent, ITRI will; suffer additional irreparable hanri and 
impairment of the value of its patent rights. I 

46. ITRI has incurred and will incur attorneys' fees, costs, and expenses in the 
prosecution of this action. The circumstances; of this dispute create an exceptional case 
within the meaning of 35 U.S.C. § 285, and YWI is entitled to recover its reasonable and 
necessary attorneys' fees, costs, and expenses, i 
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REFLECTOR WITH NEGATIVE FOCAL 
LENGTH 

FIELD OF THE INVE>rnOK 

The present invention relates to a reflector with negative 
focal length, and more particularly, to a reflector with 
negative focal length adapted for replacing the reflector with 
positive focal lengdi arranged at the upper area of a common 
lumijiaire screen, by which, rays emitting from the lamp of 
the luminaire are reflected and directed to a preferred 
discharging area so as to enable the rays to be dischaige out 
of the luminaire by lai^e angles for reducing glare, in 
addition, the height of the luminaire can be reduced. 

BACKGROUND OF THE INVENTION 

Before the invention of the light bulb, illuminating the 
world after the sun went down was a messy, arduous, 
hazardous task. It took a bunch of candles or torches to fully 
light up a good-sized room, and oil lamps, while fairly 
effective, tended to leave a residue of soot on anything in 
their general vicinity. With the invention of light bulb along 
and as the science of electricity really got going in the mid 
1800s, the easy-to-use lighting technology was such an 
improvement over the old ways that the world never looked 
back. 

Currently, the application of illuminating device can be 
categorized into two fields. One of which is the construction 
industry, that includes all sorts of lighting systems adapted 
for private housing units, commercial buildings, and public 
transportation systems like highway and railway, and so on, 
so as to achieve objects of comfort, beautification, and 
safety; another filed is the commercial ^ods, that includes 
all sorts of light source adapted for auto lamps, indoor 
lightings and consumer electronics, etc. As in the Year 2000, 
the largest demand for illuminating devices lays in the 
United State of American. Generally, the demand for illu- 
minating devices is growing in a rapid path following the 
growth of global economy. Nevertheless, as the environ- 
mental awareness also grows with the global economy, it is 
in great demand to have green lighting systems for enhanc- 43 
ing environmental protection and energy conservation. 

Please refer to FIG. 1, which is a cross-section of a 
lighting system disclosed in U.S. Pat. No. 6,234,645, 
entitled "LED LIGHTING SYSTEM FOR PRODUCING 
WHIT LIGHT'. As seen in FIG. 1, the white lighting system 50 
1 has at least three light-emitting diodes (LEDs) 11 for 
providing visible light at pre-selected wavelengths. In opera- 
tion, the white lightii^ system 1 is provided with at least one 
fourth light-emitting diode 12 which, emits visible light in a 
further wavelength region, the maximum of the spectral 55 
emission of flie fourth light-emitting diode 12 lying in the 
further wavelength region from 575 to 605 nm. Moreover, 
the screen 13 is provided on a side facing the LEDs 11, 12 
with reflection means 14 which diSlisely reflect white light 
so as to effectively blend the light of the LEDs 11, 12. 60 
However, the luminaire structure as disclosed in tile U.S. 
Pat. No. 6,234,645 has low luminaire efficacy since it can 
not guide and scatter the rays emitted from the light source 
such that the referring lighting system 1 can not control the 
dis^bution of luminous intensity, not to mention the 65 
enhancement of luminance efficacy of a sotm;e of light while 
glare still can not be avoid. 
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In view of the abovementioned shortcomings, it is require 
to have an unproved illuminating device with high luminaire 
efl&cacy for the sake of enviroimiental conservation and also 
capable of reducing glare. 

5 

SUMMARY OF THE INVENTION 

It is the primary object of the invention to pDwide a 
reflector with negative focal length adapted for repla<:ing the 
10 reflector with positive focal length arranged at the upi5er area 
of a common luminaire screen, by which rays emitting fixtm 
the lamp of the luminaire are reflected and directed to a 
preferr^ discharging area so as to enable the ra>s to be 
discharge out of the luminaire by large angles for reducing 
15 glare, in addition, the height of the luminaire can be reduced. 
It is anotho" object of the invention to provide a brainaire 
screen with microsiructures arranged thereon for ligii blend- 
ing, by which LEDs can be ^ployed as the light sources of 
a luminaire while the luminaire can have good himuious 
20 efficacy. 

Yet, another object of the invention is to provide a plate 
having a plurality of microstnictures disposed thereon, 
which is arranged at the lower portion of a luminaire under 
the light source thereof so as to better diffiise the rays 
2* discharging out of the luminaire and thus reducing glare. 
To achieve the above objects, the present inveniion pro- 
vides a luminaire witfi reflector of negative focEtl length 
which comprises a light source and a luminair? screen 
having a reflector of negative focal length, a side screen and 
a plate; wherein the rays emitting from the Ught uource is 
divided by three area: a upward incident area including the 
rays incident to the reflector of negative focal length as seen 
in FIG. 2; a sideward incident area including rays incident 
to the side screen as seen in FIG. 3; and a downward incident 
area including rays incident to the plate as seen in FIG. 4; 
and the reflector of negative focal length is ciipable of 
reflecting the rays of upward incident area; and the side 
screen is capable of reflecting the ray of the sideward 
incident area and the reflected rays of the teflectoj:; and the 
plate being disposed at the lower portion of the luminaire 
screen beneath the light source has a plurality of microstnic- 
tures arranged thereon and is capable of acceptmg the rays 
of the downward incident area along with both tbf j reflected 
rays of the reflector and the side screen so as to difluse the 
same for discharging. 

These and other objects, features and advantages of the 
present invention will become more apparent upon a con- 
sideration of the following description of the preferred 
embodiments of the present invention taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section of a Hghting system disclosed in 
as. Pat. No. 6,234,645. 

FIG. 2 is a schematic illustration showing a upward 
incident area of rays emitting from a light source of the 
present invention. 

FIG, 3 is a schematic illustration showing u sideward 
incident area of rays emitting from a light source of the 
present invention. 

FIG. 4 is a schematic illustration showing a downward 
incident area of rays emittmg from a light source of the 
present invention. 

FIG. 5 shows a luminaire with reflector of neisative focal 
length according to a first embodiment of the invention. 
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FIG. 6 shows 3 luminaire with reflector of negative focal side screen 73 is attached to the edge of the planar r*:flector 
length according to a second embodiment of the invention. 72 similar to that of FIG. 2. By using the luminaire screen 
FIG. 7 shows a luminaire with reflector of negative focal of FIG. 7, the space occupied by the luminaire can be 
length according to a third embodiment of the invention. reduced since the volume of the luminaire screen is nsduced. 

FIG. 8 is a profile of light intensity generated by a 5 For enabling the planar reflector 72 to have th? same 
luminaire with reflector of negative focal length of the fonction as the reflector with negative focal lengtli 71, a 
invention for glare reduction. Fresnel lens must be formed on the surface of the planar 

FIG. 9 is a cross-section of a plate being disposed at the reflector 72 that is composed of a plurahty of micrastruc- 
lower portion of the luminaiie screen beneath the light tures forming a regular foimation like sawtooth or an 
source according to the present invention. lo irregular formation. Therefore, by the Fresnel lens formed 

FIG. 10 is a cross-section showing a plurality of micro- on the planar reflector 72, the upward-incident rays simitting 
structures being ananged on the side screen of a luminaire from a light source 73 are reflected to the side screen 73 by 
with reflector of negative focal length according to the the reflector 72, and then are flirther reflected sa as to 
present invention. generate a plurality of discharging rays 75 similar :o those 

FIG. 11 is a 3D diagram showing a plate with microstruc- is shown in FIG. 5. 
tures disposed thereon according to the present invention. Please refer to FIG. 8, which a profile of light intensity 

FIG. 12 is a 3D diagram showing the side screen with generated by a luminaire with reflector of negative focal 
microstructures arranged thereon according to tiie present length of the invention for glare reduction. As seen in FIG. 
invention. 8. outlook of the luminaire screen 70 witt. planar 

20 reflector is simple and compact, and the discharging angle of 
DESCRIPTION OF THE PREFERRED ' a luminaire with planar reflector defined by the two amiws 

EMBODIMENT 82 is larger than that of a luminaire without pi anar leflector, 

which is defined by the two arrows 81. The lumhuiire with 
For your esteemed members of reviewing committee to small discharging angle is pone to generate glare that causes 
fiirther understand and recognize the fulfilled functions and 25 eye-fatigue since the fight intensity of the illuminai ing area 
structural characteristics of the invention, several preferable of the luminaire directly under the luminaire screm is far 
embodiments cooperating with detailed description are pre- larger than that of the off-c enter area of the luminaire screen, 
sented as the follows. By vimie of this, the use of the planar reflector is intended 

The present invention improves structure of the screen of to enable the light intensity of the illuminating an;a of the 
a common luminaire and the surface finishing thereof such 30 lummaire directly under the luminaire screen to be ahnost 
that the transmission direction of the rays emitting by the equal to that of the ofif-center area of the luminaii-e screen 
luminaire can be changed. Further, the manufacturing cost of and is reduce to the range acceptable by human eye as 
the improved luminaire is not aversely affected, but can illustrated by the profile of light intensity 84 seen i n FIG. 8 
provide better illumination for exterior lighting, wide-angle such that the phenomenon of eye-fatigue can be a^ oid after 
lighting and preferred anti-glare function with reduction of 35 working for long hours under the illumination of ihe lumi- 
the height of the luminaire. uaire with planar reflector. 

Please refer to FIG. 5, which shows a luminaire with FIG. 9 shows a cross-section ofa plate 94 being disposed 
reflector of negative focal I ength accordir^ to a first embodi - at the lower portion of the luminaire screen beneatit the light 
ment of the invention. In FIG. 5, the top of flie luminaire source 93, the luminaire screen comprising a planaj- reflector 
screen 20 is a reflector of single negative focal length 51, 40 91 a side screen 92. As seen in FIG. 9, a plurality of 
such that the cross section of the luminaire screen 20 is a microstructures 941 are disposed on the plate who;e forma- 
concavity with a side screen 52 connecting to the edge of the tion can be of the shape of sawtooth, or each can bt ; a ^fflise 
reflector 51. By the luminaire screen 20 of FIG. 5, the point of a shape selected from the group consisting of 
upward-incident rays emitting from a light source 53 are first diamond, sphere, column, and irregular shapes. f/Ioreover, 
reflected to the side screen 52 by the reflector 51, and then 45 the plural microstructures disposed on die plate aj.« formed 
are fiirther reflected such that a plurality of discharging rays by a manner selected from the group consisting of apart from 
54 are generated. It is noted that ihe discharging rays 54 are one anoflier by an equal interval and apart from one another 
discharge out of the luminaire by large angles for reducing by diflerent intervals, so as to regulate the amount of rays 
glare. In addition, the height of the luminaire can be reduced. discharging from the plate 94 . 

However, the luminaire with reflector of single negative 50 FIG. 10 shows a cross-section of a plurality of micro- 
focal length can be further improved. structures 1021 being arranged on the side screen 102 of a 

In FIG. 6, which is a luminaire with reflector of negative luminaire with planar reflector 101 according to tlie present 
focal lengfli according to a second embodiment of the mvention, the luminaire further comprising a lij^t source 
invention, the top of the luminaire screen is a reflector of 103 and a plate 104. As seen in FIG. 10, a plurality of 
multiple negative focal lengths 61. As seen in FIG. 6, the 55 microstructures 1021 are disposed on the side screen 102 
reflector 61 is a combination of a plurality of concentric that each can be a difiuse point ofa shape selected from the 
concavities shrinking downwardly in diameter and the cross group consisting of diamond, sphere, column, and in-^lar 
section thereof shows that a side screen 62 is connected to shapes. Moreover, the plural microstructures 1021 disposed 
the edge of the reflector 61 , By the reflector of multiple on flie side screen 102 are formed by a manner selticted from 
negative focal lengtiis 61, the upward-incident rays emitting 60 the group consisting of apart from one another by an equal 
from a light source 63 are reflected to the side screen 62 in interval and apart from one another by different intervals, so 
a diverse manner. However, flie manufactiue of the lumi- as to enable the discharging of evenly distributed discharg- 
naire of FIG. 6 is costly and complicated such fliat it is not ing light 105 for preventing glare as well as reiucing the 
feasible in reality. volume of flie lummaire. 

For the fliird embodiment of the invention shown in FIG. 65 Please refer to FIG. 11, which is a 3D diagrajji showmg 
7, the reflector with negative focal length 71 similar to that a plate 114 wifli microstructures 1141 dispos(;d thereon 
shown is FIG. 2 is replaced by a planar reflector 72 while a according to the present invention, the plate 114 being 
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arranged at the lower portion of a luminaire screen consist- source enables the luminaire to have more evenly dislributed 

ing of a planar lejQector 111 and a side screen and being discharging light so that the phenomenon of glare can be 

beneath a light source. As seen in FIG. 11, the plate 114 has reduced and the luminaire is ensured to have ^ e light 

a plurality of sawtooth-Uke microstnictures disposed intensity profile as shown in FIG. 8 while the height of the 

thereon and the planar reflector Ulhas a plurality of bar-like 5 luminaire can be reduced. 

microstructures 1111 disposed thereon. While the preferred embodiment of the invention has been 

Please refer to FIG. 12, which is a 3D diagram showing set forth for the purpose of disclosure, modification:! of the 

a luminaire screen with side screen 122 having a plurality of disclosed embodmient of the invention as well as other 

microstructures 1221 arranged thereon according to the embodiments thereof may occur to those skilled in the art. 

present invention, the luminaire screen further comprisii^ a 10 Accordingly, the appended claims are intended to cover all 

planar reflector 121 and a plate 124. As seen in FIG. 12, the embodiments which do not depart ftom the spirit and scope 

side screen 122 has a plurality of sawtooth-like microstruc- of the invention, 

tures 1221 disposed thereon and the planar reflector 121 has What is claimed is: 

a plurality of bar-like microstructures 1211 disposed 1. A luminaire with reflector of negative focal length, 

thereon. 15 comprising: a light source and a luminaire screen having a 

To sum up, the present invention provides a luminaire reflector of negative focal length, and a side screen, wherein 

with reflector of negative focal length which comprises a the reflector of negative focal length is capable of reflecting 

light source and a luminaire screen having a reflector of the upward-incident rays emitting from the light soui-ce, and 

negative focal lengUi, a side screen and a plate. Wherein the the side screen is capable of accepting the sideward-Incident 

rays emitting from the light source is divided by fliree area: 20 rays emitting from the light source and the reflected rays of 

a upward incident area including the rays incident to the the reflector for reflecting the same, wherein the lunr'naire is 

reflector of negative focal length; a sideward incident area configured to evenly emit light directly from the side screen, 

including rays incident to the side screen; and a downward 2. The luminaire of claim 1, wherein the overall shape of 

incident area including rays incident to the plate; and the the luminaire is selected from the group consisting of a 

light source is a lighting means selected from the group 25 symmetric shape and an asymmetric shape with respect to 

consisting of a means of single light source, a means of the characteristics of the li^t source, and a metal reiflective 

multiple light sources. The reflector of negative focal lengfli surface with reflective index ranged between 0 and 1 is 

is capable of reflecting the rays of upward incident area attached onto the surfaces of both the reflector and the side 

which can be a planar lens of negative focal length and is screen. 

selected from the ^up consisting of a reflector of multiple 30 3. The luminaire of claim 1, wherem the refiwtor of 

focal points and a reflector of signal focal point. The side negative focal lengfli is made of a negative lens selected 

screen is capable of reflecting the ray of flie sideward from a group consisting of a symmetric lens and a)i asym- 

incident area and the reflected rays of the reflector which has metric lens. 

a plurality of microstructures arranged on the surface 4. The luminaire of claim 1, wherein the reflector of 

fliereof, wherein each microstructures can be a difluse point 35 negative focal length is selected from the group consisting of 

of a shape selected from the group consisting of diamond, a reflector of multiple focal points and a reflector of single 

sphere, column, and irregular shapes and is disposed by a focal point. 

manner selected from the group consisting of apart from one 5. The luminaire of claim 1, wherein the sids; screen 

another by an equal interval and apart from one another by fiirther comprises a plurality of microstructures arranged on 

diflerent intavals so as to regukte the amount of rays 40 the surface fliereof, each microstnicture being a diffij se point 

discharging from the side screen. The plate being disposed of a shape selected from tiie group consisting of diamond, 

at the lower portion of the luminaire screen beneatia the light sphere, column, and irregul ar shapes . 

source has optionally a plurality of microstructures arranged 6. The luminaire of claim 1, wherein the light source is a 

theieon and is capable ofaccepting the rays of the downward hghting means selected from flie group consisting of a 

incident area along with both the reflected rays of flie 45 means of single light source, a means of multiple light 

reflector and the side screen so as to difiiise the same for sources; and the H^t sotuxe is selected from the group 

discharging, wherein each microstructures can be a diffuse consisting of point light sources and bar light so^ices, the 

point of a shape selected from the group consisting of point light source bemg selected from the group consisting 

diamond, sphere, column, and irregular shapes and is dis- of high intensity discharge (HID) lamps and light emitting 

posed by a manner selected from the group consisting of 50 diodes (LED) the bar light source being selected iiiom the 

apart from one another by an equal interval and apart from group consisting of cold cathode fluorescent lamps (CCFL) 

one another by diflerent intervals so as to regulate the and fluorescent lamps. 

amount of rays discharging from the plate. Moreover, in a 7. The luminaire of claim 1, wherein the refl»;tor is a 

preferred embodiment, a metal reflective surface with reflec- curved reflector. 

tive index ranged between 0 and 1 is further attached onto ss 8. The luminaire of claim 1, further comprising a plate 

the surfaces of both the reflector and the side screen and the with a plurality of microstructures disposed thereon, being 

plate is made of a material selected from the group consist- disposal at the lower portion of the luminaire screen beneath 

ing of Polycarbonate (PC), Polymetiiyhnethacrylate the light source, capable of accepting the downward-inci- 

(PMMA), and Polyethylene Terephthalate (PET). dent rays emitting from the light source along with both the 

In a preferred embodiment, the reflector of negative focal eo reflected rays of the reflector and the side screen so as to 

length of a luminaire screen, which can be a planar reflector, difiiise the same for discharging. 

is used for reflecting the rays of the upward incident area and 9. The luminaire of claim 8, wherein the microstmctures 

flius to increase the times of the same to be reflected inside on flie surface of flie side screen are disposed by a manner 

die luminaire screen, and eventually, for enabling the lumi- selected from the group consisting of apart from one another 

naire to have larger discharging ar^le and better distribution 65 by an equal interval and apart from one another by diflerent 

of luminance, hi addition, the disposition of a plate at the intervals, so as to regulate the amount of rays discharging 

lower portion of the luminaire screen beneath the light from the side screen. 
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10. The luminaire of claim 8, wherein the plural micro- 
structures disposed on the surface of the plate are formed by 
a manner selected from the group consisting of integrally 
formed with the plate and doped the plate with micro 
particles. 5 

11. The luminaire of claim 8, wherein the plural micro- 
structures are disposed on the plate at a position selected 
from the group consisting of the top surface of the plate, the 
bottom surface of the plate^ and both. 

12. The luminaire of claim 8, wherein the plate is made of lo 
a material selected from the group consisting of Polycar- 
bonate (PC), Polymethyhnethacrylate (PMMA), and Poly- 
ethylene Terephthalate (PET). 

13. The luminaire of claim 8, wherein each microstructure 
of the plate is a difiuse point of a shape selected from the 


8 


group consisting of diamond, sphere, column, and inegular 


14. The luminaire of claim 8, wherein the microstnictures 
on the surface of the plate are disposed by a manner sti]ected 
from the group consisting of apart from one another by an 
equal interval and apart from one another by different 
intervals, so as to regulate the amount of rays discttaiging 
from the plate. 

15. The luminaire of claim 8, wherein the plate is a 
Fresnel lens for difiRising the incident rays thereon. 

16. The luminaire of claim 8, wherein the reflector is a 
planar reflector. 
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An organic light emitting diode (OLED) with a brij^ness 
enhancer. The OLED comprises a substrate havinjj a first 
surface and a second surface oppositely. An anode ebctrode 
is disposed on the first surface of the substrate. An organic 
light emitting layer is disposed on the anode elecljxide. A 
cathode electrode is disposed on the organic light emitting 
layer. A brightness enhancer is disposed on the second 
surface of the substrate. 
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